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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

p2 WND/NORM
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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).

Page | 11



Chapter 1

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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Increased B-Catenin/Tcf signaling in pilocytic
astrocytomas: A comparative study to distinguish
pilocytic astrocytomas from low-grade diffuse
astrocytomas
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2.1. Introduction

Astrocytomas are tumors that are alleged to arise from precursors of astrocytes —
supportive cells of the brain having star-like shape and they are the most common of primary
brain tumors. They are classified into four different malignancy grades according to World
Health Organization (WHO) classification. Grade Ill (anaplastic astrocytoma) and IV
(glioblastoma multiforme — GBM) astrocytomas are the fast growing tumors, and are also
called high-grade tumors. Grades | (pilocytic astrocytoma) and Il (diffuse astrocytoma)

astrocytomas are the slowest growing tumors, and are also called low-grade astrocytomas.

Pilocytic astrocytoma is more common in the ages 5-14 years and the second among
age group between 0-4 years and 15-19 years, although it constitutes only 6% of all gliomas
(CBTRUS, 2012). Pilocytic astrocytoma occurs equally in males and females, and 75% of
occurrence is reported in the ages of 6 to 13 years-old (Louis et al, 2007). These tumors are
slow-growing, indolent, well circumscribed tumors and associated with excellent prognosis
and 10 year survival rates range from 90 to 96.8% (Giannini and Scheithauer, 1997; Kleihues
and Cavenee, 2000; CBTRUS, 2005; Burkhard et al, 2003). However, 10-20% of patients
suffer with recurrence of growing residual lesions and in 2-3% of the patients residual tumor
may disseminate through the spinal cord (Jones, 2011). This type of tumor behaviour is more
frequent in adults and older patients, which explains the difference in the 10-year survival
(Johnson, 2012). In general, the prognosis between children and adults is significantly
different. While 5-year survival of children and young adults is >90%, in the group of 60+
years patients it is only 52% (Johnson, 2012). Even though main location of pilocytic
astrocytoma is the cerebellum, with more than 60% of the cases occurring in cerebellar
hemispheres, however, it can arise all through the neuraxis, including hypothalamic region, the
optic-chiasmatic tract and spinal cord, with some cases involving the whole spinal cord which
have worse outcome (Fernandez, 2003). The clinical signs and symptoms of pilocytic
astrocytoma depends upon its location in neuraxis and affected area. As the most common
location is the cerebellum, headache and neck pain, vomiting, posture disturbance and visual
abnormalities are usually common (Burger, 1994; Abdollahzadeh, 1994). In supratentorial
tumors, the occurrence of seizures may be seen and is related to cortical involvement (Burger,
1994). Occurrence of pilocytic astrocytoma in the hypothalamic area may affect hormonal
functions leading to diabetes insipidus, obesity, hyperkinesis, irritability and accelerated

growth and involvement of the optical pathway is related to visual loss or visual-field deficits
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(Koeller, 2004). Histologically these tumors are well characterized with the areas showing
compact biphasic pattern, oligodendroglial morphology, glomeruloid vasculature,
heterogeneity in cellular density, cellular pleomorphism, microglial distribution, microcystic
areas, Rosenthal fibers, and eosinophilic granular bodies (Tanaka et al, 2008; Tibbetts et al,
2009).

Diffuse astrocytoma (grade 1) is a well-differentiated and slow growing tumor, but
shows a consistent tendency to recur after surgical resection, and this is often associated with
progression to a higher grade of malignancy, that is, anaplastic astrocytoma (WHO grade I11)
and eventually secondary glioblastoma (WHO grade 1V) (Louis, 2007; Ohgaki, 2005). Diffuse
astrocytomas commonly occur in young adults (~34 years), characterized by high degree of
cellular differentiation, slow growth and diffuse infiltration into neighbouring structures and
absence of microvascular proliferation, necrosis and single mitoses may or may not be present.
They are predominantly composed of a microcystic tumor matrix within which are embedded
fibrillary neoplastic astrocytes with mild nuclear atypia and a low cellular density. There is
occasional occurrence of gemistocytes in a diffuse astrocytoma. More frequently they occur in
cerebral hemispheres and show biphasic distribution, with one peak in childhood (6-12 years)
and the other peak in early adulthood (26-46 years) (Tonn, 2006). Patients with diffuse
astrocytoma exhibit clinical symptoms like headache and seizures in 30-50% cases. Depending
on the size of the tumor and its location other features may also be present, e.g. hydrocephalus,

focal neurological dysfunction including personality change.

However, there are serious clinical problems in distinguishing grade Il tumors from
grade | tumors especially in the case of diffuse fibrillary astrocytomas showing the features of
increased cellular and nuclear pleomorphism. Due to huge discrepancy in histopathological
appearance, the diagnosis of pilocytic astrocytoma is usually challenging, especially in minute
biopsies, and is greatly dependent upon correlation with neuro-radiological aspects and most
of the times pathologists misdiagnose pilocytic astrocytomas as higher-grade tumors at primary
diagnosis (Aldape, 2000). In this aspect, clinical correlation and use of immuno-histochemical

markers can help in better defining the diagnosis.

2.1.1. Immunohistochemical markers
Current markers fail to delineate between pilocytic astrocytoma and diffuse

astrocytomas. For example, Glial Fibrillary Acidic Protein (GFAP) which is a cytoplasmic
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intermediate filament helps in differentiating pilocytic astrocytoma from other gliomas such as
ependymomas and oligodendrogliomas but not from diffuse astrocytoma. Other
immunohistochemical markers like Ki67 and galectin-3 (gal-3) to some extent help in
diagnosis of pilocytic astrocytomas. Ki67 is a non-histone nuclear protein expressed in all
stages except GO and early G1 phase of the cell cycle (Burger, 1986). Ki67 permits accurate
estimation of proliferation index in neoplasms. Pilocytic astrocytomas show low proliferation
index of around 2% (Bowers et al, 2003) compared to diffuse astrocytoma which is >2% (Neder
et al, 2004). But sometimes even pilocytic astrocytomas show proliferation index as high as
4.4% (Roessler et al, 2002) thereby questioning the use of Ki67 as a diagnostic marker.
Galectin-3 is a carbohydrate-binding protein that binds exactly to B-galactosides sugars. This
protein plays vital role in various biological processes, such as cellular proliferation, apoptosis,
transcriptional regulation, intracellular signaling, adhesion and migration (Park et al, 2008).
Gal-3 expression is found to be present in both cytoplasm and nucleus of neoplastic cells.
Though numerous studies have tried to correlate the amount of gal-3 expression to the clinical
behavior of pilocytic astrocytoma, but no prognostic significance has been proved. Still, as gal-
3 expression is an obvious finding in pilocytic astrocytomas, to some extent this marker may
be useful in distinguishing it from other astrocytoma grades and its diagnosis (Park et al, 2008;
Borges et al, 2011).

Since there is no perfect marker to differentiate pilocytic astrocytoma from diffuse
astrocytoma, the genetic characteristics of pilocytic astrocytoma have recently been the focus
to better understand the behaviour of this tumor. Molecular pathways altered in pilocytic and
diffuse astrocytoma are different. The growth factors like epidermal growth factor receptor
(EGFR) and platelet derived growth factor receptor (PDGFR) involved in invasion and
malignant progression are highly expressed in diffuse astrocytoma compared to pilocytic
astrocytoma (Huang et al, 2005; Rorive et al, 2006). Moreover, tumor suppressor genes like
TP53 and PTEN are highly altered in diffuse astrocytoma, whereas they are normally expressed
in pilocytic astrocytoma (Beatriz et al, 2007). There are other genes and pathways which are
altered in pilocytic astrocytoma. For example, there is loss of NF1 gene expression resulting in
the activation of RAS-RAF-MERK-ERK molecular pathway or the mTOR/AKT pathway in
pilocytic astrocytomas (Jones et al, 2011). Besides, an oncogene BRAF is constitutively
activated in 80% of pilocytic astrocytoma cases (Riemenschneider et al, 2010). But these
alterations are not specific to pilocytic astrocytomas and can be detected in various other brain

tumors like pleomorphic xanthoastrocytoma, ganglioglioma. So understanding the molecular
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components that are specifically altered and responsible for the progression of pilocytic

astrocytoma may be important in its distinction from diffuse astrocytoma and its treatment.

2.1.2. Wnt/g-catenin/Tcf signaling pathway

Whnt signaling is a major developmental pathway involved in neural stem cell self-
renewal and differentiation (Zechner et al, 2003). The Wnt pathway components affect major
developmental properties like embryonic induction, generation of cell polarity, and the
specification of cell fate (Logan et al, 2004), tissue homeostasis and cancer. Besides, this
pathway is involved in the nervous system development (Lie et al, 2005) and alteration in this
pathway may lead to development of central nervous system (CNS) malignancy. In general the
Whnt signaling components are divided into upstream players, central player and downstream
affecters. The upstream players are Wnt ligands, a member of the Frizzled (Fzd) family and
either one of two single-span transmembrane proteins, low density-lipoprotein receptor related
proteins (LRP5 and LRP6) (Jeannet and He, 2000). Wnt signaling proteins binds specifically
to Frizzled (Fzd) receptor complexes on the surface of target cells and form Fzd/LRP
coreceptor complex activating canonical Wnt signaling pathway (Pinson et al, 2000; Tamai et
al, 2000; Wehrli et al, 2000). The central player of the canonical signaling pathway is B-catenin
(CTNNB1), a cytoplasmic protein whose stability is regulated by the ‘‘destruction complex’’.
In this complex the Axin and APC proteins form a scaffold that facilitates p-catenin
phosphorylation by CK1a and GSK3p. Phosphorylated B-catenin is subsequently recognized
and ubiquitinylated, resulting in its proteasomal degradation (Moon et al, 2004; Polakis, 2000).
The resulting low level of p-catenin allows the DNA binding Tcf/Lef proteins to interact with
transcriptional co-repressors to block target genes expression in the nucleus (Brown et al, 1998;
Barker and Clevers, 2006). In presence of Wnt ligand, formation of DvI-Fzd complexe takes
place and subsequent phosphorylation of LRP by CKl1y facilitates relocation of Axin to the
membrane and consequent inactivation of the destruction box (Cliffe et al, 2003; Pinson et al,
2000). This allows B-catenin to accumulate and enter the nucleus, where it interacts with the
members of the Tcf/Lef family. In the nucleus B-catenin converts the Tcf/Lef proteins into
potent transcriptional activators by displacing transcriptional repressor groucho/TLE proteins
and recruiting an array of co-activator proteins including CBP, TBP, BRG1, BCL9/PYG,
Legless, Mediator and Hyrax. This ensures efficient activation of Tcf target genes such as c-
myc, n-myc, cyclinD1, c-jun, MMP7, VEGF, IL-8 etc (He et al, 1998; Shiina et al, 2003;
Shtutman et al, 1999). The over view of Wnt signaling pathway is shown in fig. 2.1.
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(A) Without Wnt (B) With Wnt

LRP5k\ Fz

Proteasomal
Degradation of p-Cat 4 W

Fig. 2.1. Wnt/p-catenin signaling pathway. Schematic diagram for the core components and
signal transduction of Wnt/B-catenin pathway. (A) In the absence of Wnt, GSK3p and CK1
phosphorylate B-catenin degradation complex which includes APC and Axin. The
phosphorylated B-catenin is recognized by B-TrCP and subsequently degraded by proteasomal
pathway. As a result, TCF/LEF1 suppresses the expression of target genes. (B) In the presence
of Wnt, binding of Wnt to Fz and its co-receptor LRP5/6 leads to phosphorylation of LRP6.
Axin, itself alone or whole B-catenin degradation complex including Axin, translocates to the
phosphorylated LRP5/6, which leads to stabilization of cytoplasmic -catenin. The stabilized
[-catenin translocates into the nucleus and interacts with TCF/LEF1, which in turn enhances

the expression of target genes (Kim and Jho, 2014).

Recent studies have reported aberrant activation of Wnt signaling pathway in malignant
progression of gliomas. Sareddy et al., have shown that Wnt/B-catenin/Tcf signaling pathway
is constitutively activated in astrocytic tumors of humans and expression of Wnt pathway
components both at mMRNA and protein level were positively correlating with the histological

malignancy of the tumor (Sareddy et al, 2009). In another study patients with reduced p-catenin
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expression levels tend to be associated with a better prognosis than those with high levels
(Zhang et al, 2010). Further, siRNA mediated down regulation of Wnt2 and [B-catenin
supressed malignant glioma growth both in vitro and in vivo by decreasing PI3K/p-AKT
expression (Pu et al, 2009).

However, the status of Wnt pathway in pilocytic astrocytomas is not well understood.
Therefore, in this study, we investigated Wnt signaling pathway components j3-catenin, Lef1,
Tcf4 and c-Myc in a panel of pilocytic astrocytoma samples and compared with diffuse

astrocytomas of all grades.

2.2. Materials and Methods
2.2.1. Sample collection

Total 47 astrocytic tumor samples were collected from patients who underwent surgical
resection at Nizam Institute of Medical Sciences (Hyderabad, India) and Krishna Institute of
Medical Sciences (Secunderabad, India). The tumors were classified histopathologically
according to the WHO classification: 15 pilocytic astrocytoma (PILO; grade 1), 8 diffuse
astrocytomas (DA, grade Il), 7 anaplastic astrocytomas (AA; grade Ill), and 17 glioblastoma
multiforme (GBM; grade 1V). The case details of astrocytoma patients are summarized in
table 2.1. Three normal brain specimens consisting of periventricular region were obtained
from patients with temporal lobe epilepsy and these specimens were histologically normal as
confirmed by neuropathologist. All samples were obtained from patients after taking the
informed consent from patients or their relatives. A part of the surgically removed samples
were immediately snap frozen in liquid nitrogen and then stored at -80°C until analysis. The

remaining samples were fixed with formalin and embedded in paraffin. These fixed samples

were used for routine H&E staining, as well as for immunohistochemical analyses.

Table 2.1. Clinical characteristics of astrocytoma patients

No Age | Sex | Grade Location
Control 1 16 M TLE Periventricular
Control 2 12 F TLE Periventricular
Control 3 28 M TLE Periventricular

1 7 M I Optic pathway
2 14 M I Cerebellum
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Location
Cerebellum
Thalamus
Septum
Brainstem
Temporal lobe
Vermis
Cerebellum
Cerebellum
Cerebellum
Temporal lobe
Cerebellum
Cerebellum
Thalamus
Fronto-temporal
Frontal
Fronto-temporal
Frontal
Frontal
Parietal
Tempero-frontal
Frontal
Frontal
Parietal
Frontal
Frontal
Frontal
Fronto-temporal
Frontal
Parietal
Frontal
Frontal
Frontal
Frontal
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No Age | Sex | Grade Location

36 19 M v Tempero-parietal
37 27 M v Frontal

38 48 M v Temporal

39 15 M v Frontal

40 58 F v Fronto-tempero-parietal
41 61 M v Frontal

42 50 M v Corpus callosal
43 55 M v Frontal

44 5 M v Multiple intra cranial
45 30 M v Frontal

46 40 M v Parietal

47 34 M v Temporal

2.2.2. Preparation of soluble cell lysates

Deep frozen samples were thawed gradually and homogenized by using dounce
homogenizer in 5 volumes of RIPA (radioimmunoprecipitaiton assay) buffer containing 50
mM Tris-HCI (pH 8.0), 150 mM NaCl, 1 mM EDTA, 0.4% deoxy-cholate, 1% NP-40
containing protease inhibitors including 1 mM phenyl methyl sulfonyl fluoride (PMSF) and
phosphatase inhibitors including 10 mM B-glycerophosphate, 10 mM NaF, 0.3 mM Na3VvO4
and 0.3 mM aprotinin. The lysates were sonicated for 2 min and then centrifuged at 14,0009
for 15 min at 4°C. The supernatant (whole tissue lysate) was collected and frozen at -80°C

before use. Protein concentrations were determined by Lowry method.

2.2.3. Western blotting

Equal amount of proteins (75 pg) were resolved on 10% SDS-polyacrylamide gels and
then transferred on to nitrocellulose membranes. After, blocking the membranes in 5% milk
solution for 1 h at room temperature, blots were probed with B-catenin, Tcf4, Lefl, c-Myc and
B-actin primary antibodies (Cell Signaling Technology, Beverly, MA, USA) for overnight at
4°C. Blots were again incubated with secondary antibodies conjugated to alkaline phosphatase
(ALP) for 1 h at room temperature and developed with BCIP-NBT solution (Genei Pvt Ltd,
Bangalore, India). Blots were analysed quantitatively using scion image software (NIH).
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2.2.4. Immunohistochemistry

Immunohistochemical studies were performed on formalin-fixed, paraffin-embedded
specimens. Briefly, sections were deparaffinized in xylene and passed through graded alcohols
and further rehydrated in phosphate buffered saline (PBS). Antigen unmasking was carried out
by micro waving the sections for 10-14 min in 10 mM citrate buffer (pH 6.0). Sections were
then treated with 3% H202 for 10 min to inhibit endogenous peroxidase followed by
incubation with serum for 1 h at room temperature in a humid chamber. The sections were then
incubated overnight at 4°C with primary antibodies against B-catenin (1:100 dilution), Tcf4
(1:100 dilution), Lef1 (1:1000 dilution) and c-Myc (1:100 dilution) as per data sheet in blocking
solution. Peroxidase conjugated secondary antibody was used for 1 h incubation time at room
temperature followed by TBS washes (3x5 min each). Diaminobenzidine (DAB) in buffer was
used till sections develop color. Then sections were counterstained using haematoxylin.
Sections were washed with distilled water followed by dehydration in graded alcohols, xylene
and mounted with DPX (kit obtained from Biogenex Pvt Limited, India). In each experiment,
a negative control was included in which the primary antibody step was skipped and replaced
by non-immune serum.

The number of immunostained cells in each grade is evaluated quantitatively in terms
of positive staining for B-catenin, Lefl, Tcf4 and c-Myc. The positive areas were selected
randomly in tumor section. The staining indices for -catenin, Tcf4, Lefl and c-Myc were
calculated as the ratio of positive cells in high power microscopic fields (HPF) to all the cells

in the HPF. Positivity in vascular proliferative and necrotic regions was carefully omitted.

2.2.5. Statistical Analysis

Statistical analysis was performed using sigma stat version 3.1. All data were
represented as mean + SD obtained from individual patients of each grade and were compared
with control. The significant differences of the data were determined using one-way ANOVA.
Differences between tumor samples and controls were compared by paired Student’s t-test.

Values of P < 0.05 were considered as statistically significant.

2.3. Results

2.3.1. Elevation of p-Catenin, Lefl, Tcf4 and c-Myc Levels in Pilocytic Astrocytomas and
GBM
Aberrant activation of Wnt signaling pathway contributes to the malignant growth of

several tumors including gliomas. Sareddy et al, investigated the expression levels of Wnt
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pathway components in a panel of 32 diffuse astrocytoma patients and determined that Wnt
pathway is abnormally activated in these tumors compared to normal brain samples and
positively correlated with the pathological grading of astrocytomas. To evaluate the status of
Wnt pathway activity, B-catenin, Lefl, Tcf4 and c-Myc levels were measured by western
blotting in a panel of 15 pilocytic astrocytomas and these levels were compared with diffuse
astrocytomas. As shown in fig.2.2A, B-catenin, Lefl, Tcf4 and c-Myc levels were upregulated
in astrocytoma samples compared to control samples. Quantitative densitometric analysis
showed that the B-catenin, Lefl, Tcf4, and c-Myc levels were significantly elevated in pilocytic
astrocytomas and GBM when compared to control (P < 0.05) (Fig. 2.2B). In addition B-catenin,
Lefl, Tcf4 and c-Myc levels also significantly increased in pilocytic astrocytomas and GBM
compared to grade Il diffuse astrocytomas (P < 0.05). The mean increase in protein expression
levels of B-catenin in grade | (253.6 + 5.4), grade 11 (158.4 + 6.4), grade 111 (189.5 £ 8.2), grade
IV (326.7 + 7.4) were statistically significant (p < 0.05) when compared to control (9.3 £ 2.12).
The mean increase in protein expression levels of Lefl in grade | (104.6 + 4.2), grade 11 (78.2
+ 5.3), grade 111 (82.3 £ 6.3), grade 1V (108.9 £ 7.4) were statistically significant (p < 0.05)
when compared to control (18.4 + 5.07). The mean increase in protein expression levels of
Tcf4 in grade | (112.4 £ 2.9), grade 1l (82.2 + 4.21), grade 11 (84.6 + 5.8), grade 1V (129.7 +
8.12) were statistically significant (p < 0.05) when compared to control (14.2 £ 2.31). The mean
increase in protein expression levels of c-Myc in grade | (121.6 £ 8.09), grade Il (45.8 £ 0.9),
grade Il (47.3 £ 1.04), grade 1V (139.7 = 5.3) were statistically significant (p < 0.05) when
compared to control (8.7 £ 2.01). Interestingly, the levels of these proteins were differentially
expressed in grade | and grade Il astrocytic tumors. The mean increase in protein expression
levels of B-catenin in grade | (253.6 + 5.4) were statistically significant (p < 0.05) when
compared to grade 11 (158.4 £ 6.4). The mean increase in protein expression levels of Lefl in
grade | (104.6 + 4.2) were statistically significant (p < 0.05) when compared to grade Il (78.2
+ 5.3). The mean increase in protein expression levels of Tcf4 in grade | (112.4 £ 2.9) were
statistically significant (p < 0.05) when compared to grade 11 (82.2 £ 4.21). The mean increase
in protein expression levels of c-Myc in grade 1 (121.6 £ 8.09) were statistically significant (p
< 0.05) when compared to grade Il (45.8 £ 0.9).
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Fig. 2.2. Overexpression of p-catenin, Lefl, Tcf4 and c-Myc in pilocytic astrocytoma and
GBM. A. Equal amounts of total cellular protein from astrocytomas of different grades and
control sample were subjected to western blotting. B-actin used as loading control. B.
Quantitative densitometric analysis showed that the levels of -catenin, Lef1, Tcf4 and c-Myc
were significantly higher in pilocytic astrocytomas and GBM than that of diffuse astrocytomas
and control brain. I-pilocytic astrocytoma, ll1-diffuse astrocytoma, Il1-anaplastic astrocytoma.

IV-GBM, C- normal control brain sample. * denotes P < 0.05.
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2.3.2. Immunohistochemical expression of B-Catenin, Lefl, Tcf4 and c-Myc protein
staining indices were higher in pilocytic astrocytomas and GBM

To corroborate with the western blot results, tumor sections from different grades of
astrocytoma were immunohistochemically evaluated for the staining of -catenin, Lefl, Tcf4
and c-Myc. The Ki-67 labelling index was performed on all sections of pilocytic astrocytoma
ranged from 0.3% to 2%. Immunohistochemical analysis of B-catenin (Fig. 2.3), Lefl (Fig.
2.4), Tcf4 (Fig. 2.5) and c-Myc (Fig. 2.6) showed that these proteins were strongly expressed
in tumor cells of pilocytic astrocytoma and GBM. The mean labelling indices of -catenin,
Lefl, Tcf4 and c-Myc in pilocytic astrocytoma and GBM were statistically significant
(P < 0.05) compared to grade Il and control tumors. These results clearly manifested the
differential expression of Wnt pathway components between pilocytic astrocytomas and
diffuse grade Il astrocytomas.
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Fig. 2.4. Immunohistochemical analysis of Lefl. Paraffin embedded tissue sections from
control and astrocytomas of different grades were subjected to immunohistochemical analysis.
Lefl immunoreactivity was observed in the nucleus of astrocytoma tissues and expression was
more in pilocytic astrocytomas and high-grade tumors than diffuse grade Il tumors. Colon
adenocarcinoma tissue section used as positive control. I-pilocytic astrocytoma, Il-diffuse

astrocytoma, lll-anaplastic astrocytoma, 1\V-glioblastoma multiforme.
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Fig. 2.5. Immunohistochemical analysis of Tcf4. Paraffin embedded tissue sections from
control and astrocytomas of different grades were subjected to immunohistochemical analysis.
Tcf4 immunoreactivity was observed in the nucleus of astrocytoma tissues and expression was
more in pilocytic astrocytomas and high-grade tumors than diffuse grade Il tumors.
medulloblastoma tissue section used as positive control. I-pilocytic astrocytoma, Il-diffuse
astrocytoma, Ill-anaplastic astrocytoma, IV-glioblastoma multiforme.
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Fig. 2.6. Immunohistochemical analysis of c-Myc. Paraffin embedded tissue sections from
control and astrocytomas of different grades were subjected to immunohistochemical analysis.
c-Myc immunoreactivity was observed in the nucleus of astrocytoma tissues and expression
was more in pilocytic astrocytomas and high-grade tumors than diffuse grade Il tumors. Colon
adenocarcinoma tissue section used as positive control. I-pilocytic astrocytoma, Il-diffuse

astrocytoma, Ill-anaplastic astrocytoma, IV-glioblastoma multiforme.

2.3.3. Strong expression of p-Catenin, Lefl, Tcf4 and c-Myc proteins in vascular
endothelial cells of pilocytic astrocytomas and GBM

Vascular proliferations are the most common feature of angiogenesis which is the major
factor contributing to tumor aggressiveness. Despite having microvascular proliferations
pilocytic astrocytes are slow growing, benign and have well differentiated tumor margins.
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Previous reports showed that Wnt signaling pathway plays crucial role in the proliferation and
survival of endothelial cells. It has also been shown that B-catenin is expressed in endothelial
cells of glial tumors. As shown in Fig. 2.7 microvascular proliferation, a characteristic feature
of pilocytic astrocytomas and GBM showed strong positive staining for Wnt pathway
components suggesting that these proteins are essential for endothelial cell proliferation, a

major event in the abnormal growth of tumors.

p-catenin

Pilocytic astrocytoma

Glioblastoma multiforme

Fig. 2.7. Expression of p-catenin, Lefl, Tcf4 and c-Myc in vascular endothelial cells of
pilocytic astrocytoma and GBM. Paraffin embedded tissue sections from pilocytic
astrocytoma and GBM subjected to immunohistochemical analysis. Immunohistochemical
analysis showed that 3-catenin (A, E), Lefl (B, F), Tcf4 (C, G) and c-Myc (D, H) were strongly
expressed in endothelial cells of pilocytic astrocytoma (A, B, C, D) and GBM (E, F, G, H)
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2.4. Discussion

The present study demonstrates the distinct protein expression of Wnt pathway
components B-catenin, Lefl, Tcf4 and c-Myc in astrocytic tumors, with significantly higher
levels in GBMs and pilocytic astrocytoma, in contrast with the low expression in diffuse
astrocytoma.

Although considered them as grade | astrocytomas, pilocytic astrocytomas represent a
separate clinicopathological entity from other grades of astrocytomas. In general, pilocytic
astrocytomas are considered as benign with well-defined circumscribed boundaries. Their
tendency towards infiltrative growth is very low when developed in cerebellum, but have worse
prognosis when developed in sensitive areas like hypthalamo-chiasmatic and brain stem
regions (Garcia et al, 1989; Tchoghandjian et al, 2009). Recently much interest is focused to
understand the tumor behaviour of pilocytic astrocytomas. Several studies were conducted to
draw a clinical boundary between pilocytic astrocytomas and diffuse astrocytomas and
compared their molecular profile. Nevertheless, several complications are present in
distinguishing pilocytic astrocytomas from grade Il astrocytomas due to lack of proper
diagnostic markers and molecular features. So, better understanding of the molecular basis of
these tumors is crucial in delineating the characteristic differences of these tumors which are
helpful in better characterization of grade | and grade Il astrocytic tumors. Present study
demonstrated the differential expression of Wnt signaling components B-catenin, Lefl, Tcf4
and c-Myc in astrocytic tumors, with significantly elevated expression in pilocytic
astrocytomas and GBM than that of grade Il astrocytomas. The oncogenic role of Wnt signaling
has been elucidated in almost all human cancers and is essential in proper embryonic
development and maintenance of stem cells of both adults and embryos. However, abnormal
operation of this pathway leads to the tumor development. Previously, we and others have
demonstrated the over activation of the components of this pathway in astrocytic tumors and
showed positive correlation with the degree of malignancy. Accumulating evidences suggest
that Wnt signaling pathway is activated in endothelial cells and induces the proliferation,
survival and promotes angiogenesis via induction of IL-8 (Masckauchan et al, 2005; Levy et
al, 2002). It is well known that angiogenesis is the critical event of infiltration and invasion all
the tumors. Wnt signaling pathway has been detected in the vasculature in vivo (Wright et al,
1999; Maretto et al, 2003). Further evidences supported the role of Wnt pathway in
angiogenesis in which transcriptional up regulation of VEGF-A in tumor cells was evident
(Zhang et al, 2001). Microvascular proliferation is the characteristic feature of GBM and also

pilocytic astrocytomas.
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In this study we observed strong expression of Wnt signaling components in the
vascular endothelial cells of pilocytic astrocytomas and GBM. Glomeruloid vasculature was
evident in pilocytic astrocytomas and all the endothelial cells in these regions strongly
expressed Wnt components. However, increased angiogenesis is the key factor in invasion and
aggressive behaviour of GBM but pilocytic astrocytomas have benign character with
vasculature. Although vascular cells strongly express the Wnt signaling pathway components,
pilocytic astrocytomas are relatively non-invasive tumors. The reason behind this property was
explained by the report that pilocytic astrocytomas express anti-migratory factors which
specifically inhibit tumor invasion. Several studies have evaluated the differential expression
of different genes in pilocytic astrocytomas and GBM. It was reported that hedgehog pathway
is activated in astrocytomas and differentially expressed among different grades of
astrocytomas (Rush et al, 2010). Colin et al, identified some of the differentially expressed
genes in pilocytic astrocytomas and GBM using suppression subtractive hybridization (Colin
et al, 2006). This study showed that 106 genes overexpressed in pilocytic astrocytomas versus
GBM and 80 genes overexpressed in GBM versus pilocytic astrocytomas. The genes that are
overexpressed in GBM are related to invasion and angiogenesis whereas genes that are
overexpressed in pilocytic astrocytomas are related to metabolism, proteolysis, signal
transduction, translation and cell adhesion. Rorive et al, analyzed the microarray studies that
were previously conducted on pilocytic and diffuse astrocytomas and compared those studies
for identifying molecular markers that were useful to characterize grade | tumors from grade Il
tumors (Rorive et al., 2006). This analysis revealed that genes differentially expressed in grade
| and grade Il and vice versa were related to invasion, ECM and adhesion. Furthermore, this
study showed the expression of genes that were typically overexpressed in pilocytic
astrocytomas, namely TIMP4, CINH, CHAD, THBS4, IGFBP2 and TLE2 which encode the
proteins of antimigratory components. These antimigratory proteins may be responsible for the
circumscribed nature of pilocytic astrocytomas as opposed to diffuse astrocytomas that
diffusely infiltrate the brain. Another reason of why pilocytic astrocytomas are slow growing
tumors came from the studies of Nakamizo et al, who reported that apoptotic ratios in pilocytic
astrocytomas were significantly higher than astrocytomas of remaining grades whereas the
MIB labeling indices were lower in pilocytic astrocytomas than diffuse astrocytomas and there
was a negative correlation between these two parameters (Nakamizo et al, 2002). Further, Klein
et al, showed significantly increased indices of microglial proliferation in pilocytic
astrocytomas than diffuse astrocytomas (Klein and Roggendorf, 2001). These proliferations

constituted 32% of overall proliferations. It has also been shown that Wnt/B-catenin signaling
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is activated in active microglia in proinflammatory conditions (Halleskog et al, 2011). Neder
et al. reported that galectin-3 is overexpressed in pilocytic astrocytomas and GBM which plays
essential roles in adhesion, invasion and migration (Neder et al, 2004). This protein is
significantly expressed in pilocytic astrocytomas than grade 1l astrocytomas and useful for the

differentiation of grade I and grade Il tumors.

2.5. Conclusion

In conclusion, the present study demonstrates the differential expression of Wnt
pathway components in pilocytic and diffuses astrocytomas. Hence this study might be helpful
in distinguishing the pilocytic astrocytomas from grade Il tumors. The observed high levels of
Wnt pathway components in pilocytic astrocytomas remains an open question, because it was
proved that high levels of Wnt pathway components in GBM were responsible for its
pathogenesis. However, more studies are required to unveil why this pathway is highly

expressed in pilocytic astrocytomas and GBM.
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3.1. Introduction

Cell polarity is an essential phenomenon in several biological processes that contribute to
normal tissue integrity and maturity. Several studies in different genetic models has identified and
revealed different roles of polarity complexes in maintenances of stem cell population and their
asymmetric division (Knoblich, 2010), T-cell functions like migration in response to chemokines
and antigens (Krummel and Macara, 2006) and neuronal cell axon and dendritic specification
(Arimura and Kaibuchi, 2007). Cell polarity is also crucial for epithelial cell and tissue polarization
for maintenance of multicellular structures and perform normal physiological functions like
secretion, absorption and distribution of cytoplasmic and membrane proteins in appropriate
positions within the cell in order to conduct proper signals. Unlike epithelial cells which require
cell polarity for polarization of cellular components and neurons for axon and dendrite
specification, glial cells require cell polarity for migration and myelination. The proteins which

regulate these cellular functions are called cell polarity regulators.

3.1.1. Cell polarity regulators and their deregulation in cancer

Proficient research work in organisms like Caenorhabditis elegans and Drosophila
melanogaster has led to discovery of three different polarity complexes which are asymmetrically
distributed within the cell. They are Partitioning defective (Par) complex consists of Par3, Par6
and an atypical protein kinase C, Crumbs complex consisting of Crumbs, Pals1 (Protein associated
with Lin seven 1) and Palsl-associated tight junction protein (PATJ) and Scribble complex
consisting of Scribble, Discs large (DIg) and Lethal giant larvae (Lgl). Crumbs polarity complex
and the Partitioning defective (Par) polarity complex are localized to the apical cortex, whereas
members of the Scribble polarity complex are localized at the basolateral regions of the cell (Bilder

and Perrimon, 2000; Humbert et al, 2006). Fig. 3.1 illustrates cell polarity complexes.
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basolateral

Fig. 3.1. Polarity protein complexes. Three conserved polarity protein complexes i.e. the Par, the
Crumbs and the Scribble complex, regulate different modes of cell polarity. In contacting epithelial
cells the Par complex is located apically in region where the tight junctions (TJs) are present and
consists of Par3, Par6 and aPKC. Also apically localized is the Crumbs complex, consisting of
Crb3, Palsl and PATJ. Mutual exclusion of these apical polarity proteins and the basolaterally
localized Scribble complex (comprising Scrib, Dlgl, Lgl1/2) confers apical-basal polarity. (S.L.J.
Ellenbroek et al, 2012)

3.1.1a. PAR polarity complex

Par complex was initially identified in C.elegans and it consists of two scaffold proteins,
PARG6 and PAR3 and an atypical protein kinase C, aPKC. In mammals Par6 protein is encoded by
three different genes PAR6A/C, PAR6B and PAR6D/G, Par3 is encoded by PAR3A and PAR3B
genes and two aPKC genes, aPKC//t and aPKC{ encode two different proteins. Par3 and Par6
interact with each other via their PDZ domains and the interaction between Par 3 protein to
aPKC/Par6 is dynamic and aPKC-dependent phosphorylation can expel Par3 from the aPKC/ Par6
unit (Horikoshi et al, 2009). PAR complex is essential for defining the appropriate apicolateral

axis and assembly of tight junction proteins at their respective position.
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3.1.1b. Crumb polarity complex

Crumbs polarity complex was identified in Drosophila and in mammals it consists of
transmembrane protein CRB encoded by CRBI, 2, and 3 genes along with two cytoplasmic
scaffolding proteins PALS1 and PATJ. CRB1 connect to PDZ domains of Pals1 and PATJ through
C-terminal ERLI motif. Palsl is a member of the membrane-associated guanylate kinase
(MAGUK) family, which has a PDZ domain, two .27 domains, a SH3 domain and a guanylate
kinase domain. PATJ has 10 PDZ domains and one L27N domain (Tepass and Knust, 1993). CRB

complex is involved in formation of tight junctions and differentiation of the apical membrane.

3.1.1c. Scribble (SCRIB) polarity complex

Scribble, Dlg and Lgl were identified in Drosophila as tumor suppressors, in mammals
SCRIB (hSCRIB — human scribble) is also called VARTUL. Scribble is a member of LAP family
with leucine-rich repeats and PDZ domains, while Dlg in mammals exists in five isoforms and it
is a member of the MAGUK family containing PDZ domains. Lgl which exists as Lgll and Lgl2
in mammals does not contain PDZ domains but has WD40 domains, which is thought to mediate

interactions with phosphorylated serine and tyrosine (Dow et al, 2007).

Interaction among these three complexes dictates them to localize in their respective
positions, for example Lgll and 2 can compete with Par3 for binding to a module of Par6 and
aPKC which in turn phosphorylates Lgl releasing it from the Par6/aPKC dimer, ensuing its
localization to the basolateral region of cells (Betschinger et al, 2003). These complexes induce
their function by regulating cytoskeleton architecture and there is a substantial data showing direct
link with small GTPases of the Rho family. Cdc42, Racl and RhoA control the cytoskeletal
changes in cells by switching between an active GTP bound state and an inactive GDP-bound
state. For example Par3 can bind the Rac-activator Tiam1 during tight junction formation and
Par6/Par3 regulates Cdc42-mediated Rac1 activation through Tiam! in neuronal cells (Nishimura
et al, 2005). These multifaceted interactions between polarity proteins and with small GTPases is
essential for maintenance of polarity and carrying out normal physiological functions of the cell.
For example, glial cells are responsible for myelination of neurons, it requires proper sorting of
proteins and lipids and polarized membrane trafficking to organize myelin domains and maintain

this highly polarized phenotype (DeBruin and Harauz, 2007). Astrocytes are the cells which carry
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out major functions in brain including interactions with neurons and blood vessels (Schipke and
Kettenmann, 2004), migration towards inflammation called astrogliosis (Ridet et al, 1997) which
requires polarization of astrocytes into front-rear axis. Astrocytes polarize and migrate by
interacting with extra cellular matrix components. Upon interaction of ECM with integrin
receptors on astorcytes, activates intracellular signaling through small G proteins like Rac and
Cdc42 for controlled polarization and orientation (Heasman and Ridley, 2008). Guanine exchange
factors are in charge for the GDP—GTP exchange and therefore are the major regulators of small
G proteins activity. It has been shown that cell polarity protein Scrib plays a crucial role in
astrocyte migration by binding with Rac and Cdc42-specific exchange factor BPIX and controlling
the localization of Cdc42 at leading edge of migratory processes (Osmani et al, 2006). Besides
Scrib, other evolutionary conserved polarity proteins like Par protein complex is implicated in
astrocyte migration. Par6-aPKC complex controls and regulates the microtubule organization
during astrocyte migration. The GTP-bound form of Cdc4 binds to Par6 and activates aPKC kinase
at leading edge of astrocyte (Etienne-Manneville et al, 2005).

Earlier studies reported that 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. Studies have shown that Par6 induces growth
factor independent proliferation of human mammary epithelial cells by activating MAPK signaling
through aPKC and Cdc42/Rac (Muthuswamy et al, 2008). aPKC can regulate cell proliferation
through ERK and SRC-3 dependent manner (Castoria et al, 2004 and Yi et al, 2008) and knock
down of aPKC in MCF-7 breast cancer cell line inhibited cell proliferation. Down regulation of
Scribble induces JNK-dependent cell death (Brumby and Richardson, 2003) and in similar manner
inhibition of aPKC increases apoptosis of MDCK cell by activating GSK3f (Kim et al, 2007).
Acquisition of mesenchymal property by cancer cells during metastasis is due to change in the cell
architecture which is regulated by cell polarity proteins. Research in genetic model Drosophila led
to discovery that Scribble, DLg, Lgl, Par and Cdc42 cooperate with Rasvl2 during invasion
(Pagliarini and Xu, 2003). TGFp signaling has been shown to phosphorylate Par6 protein which
leads to RhoA degradation through Smurfl (Wang et al, 2003). ZEB1, which is a transcriptional
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regulator of epithelial mesenchymal transition (EMT), represses the expression of polarity proteins
like Crumbs, Lgl2 and PATJ ultimately leading to mesenchymal transition (Aigner et al, 2007).
Besides, cancer is a multistep process whereby cells first acquire benign over proliferation due to
genetic assaults, followed by inhibition of apoptosis and increased cell proliferation. The
conversion of benign to malignant form is accompanied by loss in cell-cell contact and apical basal
polarity which ultimately leads to EMT associated with invasion into different parts from the site
of cancer. During cancer progression steps, these different polarity complexes are either aberrantly
expressed or mislocalised from their respective locations. Genetic studies in model organisms and
in vitro cell culture has shown that these polarity complexes take apart in diverse hierarchy of
human cancer. aPKC is over expressed in various human cancers like non-small cell lung cancer,
ovarian cancer and its expression level correlates with over expression of Cyclin E and with their
poor prognosis (Regala et al, 2005; Eder et al, 2005). In human esophageal squamous cell
carcinoma Par3 gene is homozygously lost with reduced protein expression (Zen et al, 2009). Par6
is regarded as a tumor promoter as it is over expressed in human breast cancer and its interaction
with TGFp receptor implicates its role in EMT (Ozdamar et al, 2005).

However, contribution of Crumb complex for tumor progression is not completely
elucidated. Few studies have shown that Crb-3 expression negatively correlates with metastatic
behaviour of cells as its decreased expression is associated with increased expression of vimentin
and reduced expression of E-cadherin (Bhat et al, 1999). Assembly of Crumb complex leads to
phosphorylation of transcription effector molecule of Hippo signaling pathway TAZ/Y AP which
in turn leads to inhibition of TGF-B-SMAD signaling essential for vimentin expression (Varelas
etal, 2010). ZEB1 and SNAIL represses the Crumb complex activity. PATJ and Pals1 are required
for tight junction (TJ) assembly. PAT]J is targeted for degradation by human papiloma virus (HPV)
oncoprotein during development of cervical cancer (Javier, 2008). Till date there is no evidence
for role of Pals1 in cancer, however few studies in mice model have shown that Pals1 is essential
for survival since its loss results in embryonic lethality.

Scribble complex, regarded as fly tumor suppressor genes and basolateral polarity complex
are regulated at different levels in human cancers. DIg and Lgl proteins are down regulated and
mislocalised in tumors of breast, prostate, lung, ovary, cervical and liver. Scribble and Dlg are
targeted for degradation by viral oncoproteins from HPV (Thomas et al, 2005), Human Tcell
leukemia (HTLV) (Okajima et al, 2008) and their expression levels are correlated with loss of
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tissue architecture. Scribble is mislocalised in cervical, colon, endometrial and prostate cancer
(Nakagawa et al, 2004; Gardiol et al, 2006; Ouyang et al, 2010; Pearson et al, 2011). In Drosophila
genetic study, it has been exposed that loss of Scribble function alone is not sufficient to induce
tumor, instead Scrib mutant cells expressing oncogenic Raf, Ras or Notch results in loss of apical-

basal polarity, neoplastic overgrowth and metastasis (Brumby and Richardson, 2003).

Loss of cell polarity in brain tumors is not well documented and very few works like
Klezovitch et al. have shown that loss of cell polarity causes severe brain dysplasia using Lgll
knockout mice (Klezovitch et al, 2004). However, little is known about the role of cell polarity
proteins in glioma or expression level of hSCRIB and its prognostic significance in human
gliomas. In the present study we set out to investigate the expression pattern of hRSCRIB in human
glioma specimens, normal control brain tissues and analyse the relationship between hSCRIB

expression and the glioma stage as well as the survival of the patients.

3.2. Materials and methods

3.2.1. Tumor Samples

Total 32 astrocytic tumor samples and 3 control brain samples were collected from patients
who underwent surgical resection at Nizam Institute of Medical Sciences and Krishna Institute of
Medical Sciences (Hyderabad, India). The tumors were classified histopathologically according to
the WHO classification: 8 diffuse astrocytomas (DA; grade II), 7 anaplastic astrocytomas (AA;
grade III), and 17 glioblastoma multiforme (GBM; grade IV). The case details of astrocytoma
patients were summarized in table 3.1. All samples were obtained from patients after taking the
informed consent form patients or their relatives. A part of the surgically removed samples were
immediately snap frozen in liquid nitrogen and then stored at -80°C until analysis. The remaining
samples were fixed with formalin and embedded in paraffin. These fixed samples were used for

routine H&E staining, as well as for immunohistochemical analyses.
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Table 3.1. Clinical characteristics of astrocytoma patients

NO. | AGE | SEX WHO LOCATION SURVIVAL ouT
GRADE DAYS COME
1. 34 F II Fronto-tlemporal 1465 Alive
2. 35 M I Frontal 1465 Alive
3. 27 M II Fronto-temporal 1465 Alive
4. 30 M 11 Frontal 1465 Alive
5 16 M 11 Frontal 1465 Alive
6. 60 M II Parietal 412 Dead
7. 37 F II Tempero-frontal 1465 Alive
8. 40 M 11 Frontal 1465 Alive
9. 29 M II Frontal 345 Dead
10. 62 F I Parietal 1465 Alive
11. 35 M I Frontal 326 Dead
12. 37 M III Frontal 1465 Alive
13. 30 F I Frontal 419 Dead
14, 45 F I Fronto-temporal 986 Dead
15. 43 M I Frontal 1021 Dead
16. 45 M v Parietal 1465 Alive
17. 36 F v Frontal 446 Dead
18. 16 M v Frontal 321 Dead
19. 52 M v Frontal 496 Dead
20. 20 M v Frontal 462 Dead
21. 19 M v Tempero-parietal 56 Dead
22. 27 M v Frlontal 120 Dead
23. 48 M v Temporal 175 Dead
24. 15 M v Frontal 32 Dead
25. | 58 | F v Fronto-tempero- 93 Dead
parietal
26. 61 M v Frontal 18 Dead
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217. 50 M v Corpus callosal 39 Dead
28. 55 M v Frontal 172 Dead
Multiple intra
29. 5 M v 113 Dead
cranial
30. 30 M v Frontal 1465 Alive
31. 40 M v Parietal 59 Dead
32. 34 M v Temporal 213 Dead

3.2.2. Western Blotting

Western blotting was performed as described previously. Briefly, frozen tissues were
homogenized in RIPA (radioimmunoprecipitaiton assay) buffer containing 50 mM Tris-HCI (pH
8.0), 150 mM NaCl, 1 mM EDTA, 0.4% deoxy-cholate, 1% NP-40 containing protease inhibitors
including 1 mM phenylmethylsulfonylfluoride (PMSF) and phosphatase inhibitors including 10
mM B-glycerophosphate, 10 mM NaF, 0.3 mM Na3Vos and 0.3 mM aprotinin using dounce
homogenizer and sonicated for 2 min and then centrifuged at 14,000 g for 15 min at 4°C. The
supernatant was collected as whole cell lysates and protein concentrations were determined by
Lowry method. Equal amount of proteins (75 pg) were resolved on 6% SDS-polyacrylamide gels
and then transferred on to nitrocellulose membranes. After blocking the nitrocellulose paper in
non-fat dry milk (5%) in Tris Buffered Saline (TBS) (10mM Tris (pH 7.5), 150 mM NacCl) for 1
h at room temperature, the membranes were incubated for 12 h in primary antibodies at 4°C. Blots
were again incubated with secondary antibodies conjugated to alkaline phosphatase (ALP) (anti-
rabbit and anti-mouse IgG conjugated to ALP obtained from Genei Pvt Ltd, Bangalore, India), for
1-2 h at room temperature. Before and after incubation of blots with secondary antibodies, blots
were washed with TBS and TBST (TBS containing 0.1% Tween-20). Immunoreactivity was
visualized by incubating the blots with BCIP-NBT solution (Genei Pvt Limited, Bangalore, India).
The primary antibodies used in these experiments included rabbit polyclonal antibody against
hSCRIB (obtained from Cell Signaling Technology, Beverly, MA, USA) and rabbit polyclonal
antibody against B-actin (Sigma-Aldrich, USA).

Page | 58



Chapter 3

3.2.3. Immunohistochemistry

Immunohistochemical studies were performed on formalin-fixed, paraffin-embedded
specimens. Briefly, sections were deparaffinized in xylene and passed through graded alcohols and
further rehydrated in phosphate buffered saline (PBS). Antigen unmasking was carried out by
micro waving the sections for 10-14 min in 10 mM citrate buffer (pH 6.0). Sections were then
treated with 3% H202 for 10 min to inhibit endogenous peroxidase followed by incubation with
serum for 1 h at room temperature in a humid chamber. The sections were then incubated overnight
at 4°C with primary antibodies against hSCRIB (1:50 dilution) as per data sheet in blocking
solution. Peroxidase conjugated secondary antibody was used for 1 h incubation time at room
temperature followed by TBS washes (3x5 min each). Diaminobenzidine (DAB) in buffer was
used till sections develop color. Then sections were counterstained using haematoxylin. Sections
were washed with distilled water followed by dehydration in graded alcohols, xylene and mounted
with DPX (kit obtained from Biogenex Pvt Limited, India). In each experiment, a negative control
was included in which the primary antibody step was skipped and replaced by non-immune serum.
The number of immunostained cells in each grade is evaluated quantitatively in terms of positive
staining for hSCRIB. The positive areas were selected randomly in tumor section. The staining
indices for hSCRIB was calculated as the ratio of positive cells in high power microscopic fields

(HPF) to all the cells in the HPF.

3.2.4. Immunofluorescent analysis

As described in immunohistochemical analysis in the previous section, after
deparafinization, rehydration and cooking, tissue sections were blocked with 5% serum for 1 h at
room temperature in a humid chamber. Then incubated the sections in a cocktail of two primary
antibodies (mouse polyclonal GFAP obtained from Sigma Chemicals, USA, and rabbit polyclonal
hSCRIB antibodies) at 1:50 dilution overnight at 4°C. The sections were subsequently washed and
incubated in a mixture consisting FITC and TRITC secondary antibodies (Genei Pvt Limited,
Bangalore, India) at 1:250 dilution for 1 h at room temperature. The sections were washed and

mounted using 90% glycerol and visualized using a Leica confocal microscope.
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3.2.5. RNA isolation and quantitative real-time PCR

Total RNA was isolated from astrocytic tumor tissues (grade II, grade III and grade 1IV)
using TRI reagent (Sigma Chemicals, USA). Briefly, frozen tissues (50-100 mg) were grounded
in liquid nitrogen and homogenized in 1 ml of TRI reagent for RNA isolation following
manufacturer’s instructions. Purified total RNA was dissolved in DEPC treated water and stored
at -80°C before use. Five micrograms of RNA was treated with DNase I and reverse transcribed to
cDNA using oligo (dT) 18 primer and M-mLV reverse transcriptase enzyme (Invitrogen,
Sandiego, CA, USA) as per the protocol recommended by manufacturer. The amplification
conditions were initial denaturation at 94°C for 3 min followed by 30 cycles of 94°C for 1 min;
58°C for 45 s; 72°C for 45 s. Real-time monitoring of polymerase chain reactions (PCRs) was
performed using the 7500 Fast Real-Time PCR System (Applied Biosystems) and the SYBR green
dye (Applied Biosystems), which binds preferentially to double- stranded DNA. Fluorescence
signals, which are proportional to the concentration of the PCR product, are measured at the end
of each cycle and immediately displayed on a computer screen, permitting real time monitoring of
the PCR. The reaction is characterized by the point during cycling when amplification of PCR
products is first detected, rather than the amount of PCR product accumulated after a fixed number
of cycles. The higher the starting quantity of the template, earlier the significant increase in
fluorescence. The threshold cycle is defined as the fractional cycle number at which fluorescence
passes a fixed threshold above the baseline. PCR amplification was conducted using the described
primer sets (table 3.2). All primers were synthesised by Eurofins Genomics India Pvt Ltd. The
PCR profile consisted of initial melting step of 2 min at 94°C, followed by 40 cycles of 15 s at
94°C, 1 min at 60°C, and a final elongation step of 10 min at 72°C. Fluorescence data were
converted into cycle threshold measurements using the system software and exported to Microsoft
Excel. hSCRIB mRNA levels were compared to GAPDH. Thermal dissociation plots were
examined for biphasic melting curves, indicative of whether primer-dimers or other nonspecific
products could be contributing to the amplification signal.
Similarly real time quantification of other cell polarity genes was conducted using the described

primer sets (table 3.2) and were compared to GAPDH.
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TABLE 3.2. Primer sets (F- forward primer, R- reverse primer)

GENE PRIMER SEQUENCE AMPLICON SIZE
hSCRIB F 5” ATG GCT TCA CTC AGC TGC GCA G 3’ 108
hSCRIB R 5" TTG CCT CCC AGA TCC AGC TGT TC 3
Lgl F 5> AGA TCT ATG GTG CAC CTG GCG TG 3’ )10
Lgl R 5> GGT GGA CAA TCT CCC AGA GAT GC 3’
Dlg F 5> AGC AAA AGA TGC AGC GGA GTC TG 3’ 10
Dlg R 5> CAA AGA CCA TGG GGA AAG GCT 3
CRBLF 5’ATC AAG GCA GAC ACT GCG AC 3’ 295
CRBI R 5’CAA GGT TGA CTG GCA CAC TC 3
CRB2 F 5’ATG GCT TCC AGT GTC ACT GC 3’ 230
CRB2R 5’GAC CCC AGA CTC GAA GAT AG 3’
Palsl F 5’ TGC GTC AGA GGC TCA TGA AC 3’ 10
Palsl R 5 CCA GAG TTG ATC ACT TGC CG 3’
Patj F 5'TGA GAC TGA TTG TGG CCA GG 3’ 200
Patj R 5’CCT GTC TGG AGT CTT CCA TC 3’
PAR3 F 5> AAT GCT CGC TCG TCT CTG AG 3’ a6
PAR3 R 5" CTC GAG CAC TGA AAG GCA CT 3’
PARG F 5 TCC TCA GTC ATA GAC GTG GAC 3’ 104
PARG6 R 5> GAC CTC GAG GAT CTC ATC AC 3’
aPKCi F 5TGT GTA CCA GAA CGT CCT GG 3’ 206
aPKCi R 5’GCC GCC CAC ATT CAA TTG TG 3’
aPKCCF 5’AGA TGG AGG AAG CTG TAC CG 3’ 182
aPKCCR 5'TTG TCG TCT ACT GGA GGC TC 3’
GAPDH F 5'-ACCACAGTCCATGCCATCAC-3' 148
GAPDH R 5'-ACACGGAAGGCCATGCCAGTG-3'

3.2.6. Statistical analysis

All computations were carried out using the software of SPSS version13.0 for Windows

(SPSS Inc, IL, USA). The rank sum test was used to analyse the ranked data. The measurement

data were analysed by one-way ANOVA. Randomized block design ANOVA was used to analyse

Page | 61



Chapter 3

the statistical difference among different tissue types. In the analysis of glioma morbidity for all
patients, we used the Kaplan-Meier estimator and univariate Cox regression analysis to assess the
marginal effect of each factor. Spearman's analysis was carried out to analyse the correlation
between hSCRIB mRNA and protein expression levels. The differences between groups were

tested by log-rank analyses. Differences were considered statistically significant when P<0.05.

3.3. Results
3.3.1. Expression level of hSCRIB protein in patients with malignant gliomas and normal
brain tissue specimens by immunohistochemical assay and survival analysis

hSCRIB protein expression was studied in a total of 32 glioma specimens of which 9 were
low grade (grade II) and 23 were high grade (grade III — IV). About three control brain tissues
served as control. Based on immunohistochemistry analysis, positive staining for hSCRIB was
observed in cytoplasm and to a lesser degree in nuclei of cancer cells. Among the glioma
specimens, 21 (65.62%) glioma specimens were positively stained, and 11 (34.37%) glioma
specimens were negatively stained. Whereas, all the three control tissue showed positive staining
for hSCRIB, we also found significant decrease of hSCRIB expression (Fig.3.2) in glioma when

compared with normal brain tissues (P<0.05).

Page | 62



Chapter 3

CONTROL

Fig. 3.2. Immunohistochemical staining of hSCRIB in astrocytomas. Paraffin embedded
astrocytoma sections were prepared from astrocytoma specimens. Sections were incubated with
hSCRIB primary antibody (1:50 dilution) overnight at 4°C and peroxidase conjugated secondary
antibody for 1 h at room temperature. Immunoreactivity was visualized by diaminobenzidine and
sections were counterstained using haematoxylin. Positive staining of hSCRIB was seen in A-
control sample and is more abundant than B-Diffuse astrocytoma; C-Anaplastic astrocytoma; D-

GBM tumors.

Further, in order to confirm the cell type and sub cellular distribution of hSCRIB,
immunofluorescence was performed. Double immunofluorescence analysis showed that hSCRIB
was delocalised and less expressed in GFAP expressing tumor cells compared to control GFAP

expressing cells (Fig. 3.3).
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CONTROL GRADE II

Fig. 3.3. Co-localization of hSCRIB and GFAP. Paraffin-embedded astrocytoma sections were
prepared from astrocytoma specimens. Sections were incubated with anti-rabbit hSCRIB and anti-
mouse-GFAP specific primary antibodies (1:100 dilution) overnight at 4°C and anti-rabbit-TRITC
and anti-mouse-FITC secondary antibodies were used for 1 h at room temperature. DAPI was used
for the detection of nuclei and fluorescence was captured under Leica confocal microscope.
Representative figure demonstrates the altered localisation and loss of hSCRIB expression in

glioma grades compared to control.

Based on the hierarchical scores of the immunohistochemical staining, we analyzed the

relationship between hSCRIB staining and clinical factors. hSCRIB expression was not
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significantly affected by gender and age (both P>0.05) of the patients. In contrast, the hSCRIB
expression was closely associated with WHO grade, with expression decreasing from grade II to
IV (P<0.05; Table II). Moreover, we reviewed clinical information of the glioma patients with
hSCRIB-positive or -negative tumors. During the follow-up period, 21 of the 32 glioma patients
(65%) had died (13 from the hSCRIB-negative group and 8 from the hSCRIB-positive group). As
determined by the log-rank test, the survival rate of patients with tumors having hSCRIB staining
was longer than those with hSCRIB-negative staining tumors (P<0.001) (Fig. 3.4).
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Fig. 3.4. Kaplan-Meier curves indicating the overall survival rates in the glioma patients sub-
grouped according to hSCRIB protein expression (-, +, ++, +++ representing negative staining,
weak positive staining, moderate positive staining and strong positive staining of hSCRIB

respectively).

The median survival time of patients with strong positive (+++) expression of hSCRIB could not
be defined by statistical analysis because all patients survived better than the overall median level,
and survival time of patients with moderate positive (++), weak positive (+) and negative (-)
expression of h\SCRIB were 462 days, 395.5 days and 93 days respectively (log-rank test: P <0.05).
Furthermore, we observed that hSCRIB expression was not significantly affected by the gender
and age (both p > 0.05) of the patients. In contrast, the hRSCRIB expression was closely correlated
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with WHO grade. Multivariate analysis using Cox PH model demonstrated that the hazard rate is

significantly affected by grade of glioma (p < 0.008) (table 3.3).

Table 3.3. hSCRIB expression in human astrocytoma tissues with different clinico-

pathological features

Clinicopathological | No.of | hSCRIB | hSCRIB | hSCRIB | hSCRIB 5 value
features cases - + ++ +++
WHO grade
11 9 0 1 1 7
<0.008
III 6 0 0 3 3
v 17 11 3 3 0
Age
<55 26 12 4 4 6 NS
>55 6 4 1 0 1
Gender
M 25 13 5 1 6 NS
F 7 2 0 3 2

-, negative staining; +, weak positive staining; ++, moderate positive staining; +++, strong positive

staining. P-value was estimated using the Kruskal-Wallis test.

2.3.2. Quantitative analysis of hSCRIB protein expression based on WHO grade in gliomas

From western blot analysis, we found that hSCRIB protein expression tended to decrease

from control tissue to glioma tissue (Fig. 3.5a). Also, hSCRIB expression was highest in grade II

and lowest in grade IV (Fig. 3.5a). Densitometry analysis showed that percentage of hSCRIB
expression in grade II (85.6 £ 3.21), grade III (48.4 £ 3.25), grade IV (10.8 + 1.76) tumors were

statistically significant (P < 0.05) when compared with that of control and showed negative

correlation with degree of histological malignancy (Fig. 3.5b). These results are in concordance
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with the findings of the immunohistochemistry analysis and indicate a close correlation of hRSCRIB

protein expression with WHO tumor grade.

hSCRIB - 240 kDa

B-actin — 42 kDa

b) 150 = l'lSCRIB

% of protien expression

>

N\
¥ &> &
> 9 9
o & & &

SAMPLE

Fig. 3.5. hSCRIB protein expression in glioma as determined by western blotting. (a) hSCRIB
protein expression in representative gliomas of different World Health Organization tumor grades
and normal brain tissue (as control), relative to actin expression (loading control). (b) Mean
expression of hSCRIB in gliomas of each grade and normal brain tissue, as determined by densito-
metric analysis of western blotting. These were, normalized against expression of actin as a loading
control. The data are presented as mean + SD of relative protein expression levels in tumors and
control. Statistical significance was calculated using paired t-test between c-control (n = 3) and
GRADE II (n = 8) (no significant difference), GRADE III (n = 7) (*** represents P<0.0033) and
GRADE IV (n = 17) gliomas (**** represents P<(0.0001).
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3.3.3. Quantitative analysis of hSCRIB mRNA expression in glioma by RT-PCR

We studied the mRNA expression of ASCRIB normalized to GAPDH by real-time PCR.
As shown in fig. 3.6, there was an obvious decrease in the expression of hSCRIB mRNA from the
control normal brain tissues to glioma tissues (P<0.05). We further analyzed the expression of
hSCRIB mRNA in various WHO tumor grades. Notably, hSCRIB mRNA expression decreased
with advancement of WHO grade II to IV (P<0.01). There was a significant positive correlation
between the expression of hSCRIB mRNA and protein expression levels from the same glioma

tissues (rs=0.854, P<0.001).
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Fig. 3.6. Relative mRNA levels of hSCRIB expression in glioma of different World Health
Organization tumor grades and normal brain tissue as determined by real-time PCR. We
determined the mRNA expression of ASCRIB normalized to GAPDH and as shown in above table,
there was a conspicuous decrease in the expression of hSCRIB mRNA from the control brain

tissues to glioma tissues (*P < 0.05).

Further, we analysed the mRNA levels of other cell polarity genes like SCRIB complex (Lgl, DIg),
CRUMB complex (CRB1, CRB2, Pals1, Patj) and PAR complex (PAR3, PAR6, aPKCi, aPKC{)
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in glioma tissue and compared to control brain tissue. Real time PCR analysis showed that SCRIB
complex and CRUMB complex mRNA expression levels were lower in glioma tissues compared
to control brain tissue and their expression decreased with increase in the tumor grade (Fig. 3.7,
Fig. 3.8). Whereas, PAR complex mRNA expression levels were higher in glioma tissues
compared to control brain tissue and their expression increased with increase in the tumor grade

(Fig. 3.9).
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Fig. 3.7. Total RNA was isolated form human glioma samples and subjected to RT-qPCR using
the primers specific for Lg/ and DIg. GAPDH used as an internal control. All data presented are
mean = SEM. *p<0.05, t test.
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Fig. 3.8. Total RNA was isolated form human glioma samples and subjected to RT-qPCR using

the primers specific for par3, par6, apkci and apkc{. GAPDH used as an internal control. All data

presented are mean = SEM. *p<0.05, t test.
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Fig. 3.9. Total RNA was isolated form human glioma samples and subjected to RT-qPCR using

the primers specific for patj, crbl and pals1. GAPDH used as an internal control. All data presented

are mean = SEM. *p<0.05, t test.
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3.4. Discussion

In the current study, we investigated the expression of hSCRIB in 32 cases of human
glioma and three human normal brain tissue and compared the expression with tumor grade and
the survival rates of patients. Our data demonstrated that hSCRIB protein decreased in glioma
compared to normal brain tissue. hRSCRIB mRNA expression also reduced in glioma compared
with control normal brain tissue. We found a decreased trend of both hSCRIB protein level and
mRNA level from WHO grade 11 to WHO grade IV glioma. These results suggest that the
transcriptional repression of human SCRIB might participate in the carcinogenesis and progression
of glioma. hSCRIB may have an important role during the genesis or progression of glioma.
Further, real time PCR analysis of other cell polarity complex genes showed that expression of
SCRIB and CRUMB complex genes decreased whereas expression of PAR complex genes
increased with increase in the tumor grade compared to control brain tissue.

Decades of research revealed that the generation of an epithelial tumor requires the
cooperation of mutations in various oncogenes or tumor suppressor genes (Hanahan and Weinberg,
2000). For the formation of an invasive tumor from a normal epithelial cell, mutations affecting at
least six cellular processes are required—the so-called ‘hallmarks of cancer’. They are: (1)
continued cell proliferation, (2) evasion of apoptosis (cell death), (3) loss of differentiation, (4)
invasion/ metastasis, (5) continued telomere elongation and (6) sustained angiogenesis. Although
not initially documented in relation to the hallmarks of cancer, for epithelial cells to exhibit
invasive/metastatic properties, they must undergo an EMT to sever cell-cell and cell— extracellular
matrix adhesions, thereby enabling them to metastasize from the primary tumor (Thiery, 2002).
EMT is related to the loss of cell polarity, specifically the loss of adherens junction function.

The organised polarity of cells is a hallmark of the epithelia. Loss of polarity and tissue
architecture is a common feature of cancer tissues. However, neither the mechanisms by which
cell and tissue architecture is deregulated nor the role of tissue architecture during cancer are well
understood. Recently, Bilder et al (Bilder and Perrimon, 2000) identified the basolateral protein
scribble that determines the localisation of the apical epithelial determinants. Loss of scribble
mutation leads to loss of apical-basolateral polarity and leads to the overgrowth of imaginal discs,
follicle epithelia, and larval brain in Drosophila (Bilder et al, 2000a). Scribble is localised at the
septate junction in Drosophila, which is the analogue of the vertebrate tight junction. In scribble

mutants, the adherens junctions are distributed around the cell periphery. Looking at its amino-
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acid sequence, scribble has four PDZ domains named for its occurrence in the PSD-95, Discs-
Large, and ZO-1 proteins), and it could have four different binding partners through four PDZ
domains simultaneously. Drosophila scribble and hScrib have the conserved amino-acid sequence,
especially in LRRs and PDZ domains, which propose an identical function for these two
homologues. In addition, scribble has 16 canonical leucine-rich repeats (LRRs), another protein—
protein interaction motif. These proteins are grouped as LAP (LRR and PDZ domain) proteins
(Bilder et al, 2000b).

Scribble or hSCRIB overexpression and mislocalization are observed, with very low levels
of scribble detected in invasive projections of tumors. In mammals, loss of SCRIB induces
dysplastic growth in vivo, identifying loss of expression as a tumor suppressive mechanism.
Although the precise mechanism of tumor suppression is unclear, SCRIB is known to inhibit
apoptosis in a B-PIX (PAK-interacting exchange factor b)/Rac/JNK pathway-dependent manner,
and promote proliferation in a Ras/MAPK dependent manner in mammary and prostate epithelia,
respectively (Zhan et al, 2008; Pearson et al, 2011). Conversely, overexpression of SCRIB in
mammary epithelial cells promotes epithelial differentiation by suppressing expression of
epithelial mesenchymal transition regulators in a Ras/MAPK-dependent manner (Elsum et al,
2013). Conditional deletion of SCRIB in the corneal epithelium decreases E-cadherin expression
and promotes mesenchymal transition, suggesting that SCRIB is required for maintaining
epithelial cell identity (Yamben et al, 2013). In addition, SCRIB also regulates the Hippo signaling
pathway (Skouloudaki et al, 2009), and signal transducer and activator of transcription (STAT)
(Werme et al, 2008). SCRIB interacts with the Akt phosphatase PHLPP1 (Lietal, 2011), the planar
cell polarity protein VANGL1 (Anastas et al, 2012), and the neuronal nitric oxide synthase adaptor
protein NOSTAP (Richier et al, 2010) to regulate cancer cell migration and axon morphogenesis.
In addition to changes in SCRIB gene expression, hSCRIB protein is mislocalized from cell—cell
junctions in multiple human cancers, including breast, prostate, and colon. In prostate cancer,
hSCRIB mislocalization is correlated with poor patient survival (Pearson et al, 2011).
Mislocalization of other polarity proteins, including LGL and DLG, has also been associated with
cancer progression (Huang and Muthuswamy, 2010), suggesting that mislocalization of polarity
proteins is likely to have important implications for cancer in addition to changes in gene
expression levels. However, it is not known if mislocalization of SCRIB is a consequence or a

cause for cancer. In addition, a link between Scribble deregulation and the cytoplasmic
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accumulation of B-catenin has been proposed, implicating Scribble in the APC/B-catenin pathway.
Interestingly, Scribble has been shown to bind APC (Takizawa et al, 2006) and, in some contexts,
B-catenin. Links have also been described between Scribble and E-cadherin; Scribble was found
to colocalize with E-cadherin in the normal cervical epithelium, but in lobular breast cancer, in
which E-cadherin is commonly downregulated, a loss of Scribble was observed at high frequency
(Navarro et al, 2005). Scribble is also lost, but at a lower frequency, in breast ductal carcinomas,
which maintain E-cadherin expression. An important observation which needs to be resolved is
that the Scribble locus at 8q24.3 is frequently amplified in breast and ovarian tumors (Naylor et
al, 2005; Kim et al, 2007). Collectively, the connections between hSCRIB and several pathways
involving oncogenes and tumor suppressors, strongly suggest that it may play a role in the
carcinogenesis of different types of tumor.

The present results confirm that hSCRIB shows decreased expression during glioma
progression. We further analysed the correlation of hSCRIB expression and survival rates of
patients. The survival rate of patients with strong positive or moderate positive staining tumors for
hSCRIB was higher than the survival rates of patients with tumors showing hSCRIB-negative or
weak positive staining. In our study, Kaplan-Meier analysis of the survival curves showed a
significantly worse overall survival for patients whose tumors had low hSCRIB levels, indicating
that low hSCRIB protein level is a marker of poor prognosis for patients with glioma. Moreover,
multivariate analysis showed that decreased expression of hSCRIB may be a marker of worse
outcome independent of known clinical prognostic indicators such as age, gender and grade. These
data indicate that low expression of hSCRIB is correlated with a worse outcome of patients with
glioma. Thus, hSCRIB may be an independent predictor of survival for glioma patients. In our
study, which consisted of 32 cases of glioma and three normal brain samples, hSCRIB expression
was analysed by immunohistochemistry, real-time PCR and western blot analysis. Thus, using a
comprehensive methodology and a detailed clinical follow-up in our study the results were

consistent and reliable.

3.5. Conclusion
In conclusion, our comprehensive analysis indicated that decreased expression of hSCRIB
appears to be intimately involved in the pathogenesis of gliomas, and the activity of hRSCRIB may

contribute to maintaining an undifferentiated state of glioma cells. On the basis of these findings,
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we assume that loss of hSCRIB may favour the progression of glioma cell transformation.

However, further study is required to determine the precise role of hRSCRIB and the mechanism of

hSCRIB transcriptional regulation in gliomas.
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4.1. Introduction

Gliomas are the most common primary intracerebral neoplasms. Despite recent
advances in treatment modalities such as surgical techniques, radiation therapy, chemotherapy
and targeted gene therapy, their prognosis remains poor. Glioblastoma multiforme (GBM) is
the most common and highly recurrent tumor of gliomas. GBMs include two subtypes. Primary
GBMs arise "de novo' and secondary GBMs develop due to accumulation of mutations in lower
grade gliomas. EGFR amplification, LoH 10q, p16"** deletion and PTEN mutations are the
common genetic alterations associated with primary GBMs whereas p53 mutations and
PDGFR amplifications are frequent in secondary GBMs (Kleihues et al, 1999; Holland, 2001,
Simmons et al, 2001; Ohgaki et al, 2007). These genetic alterations disrupt the cell cycle arrest
pathways or activate various signal transduction pathways. Mutation of the p53, retinoblastoma
(RB) and PTEN, deletion of p16™*A, activation of the Ras and Akt pathways, and amplification
of CDK4 and EGFR contribute to the development of gliomas (Cavenee, 1992; Hayashi et al,
1997).

4.1.1. N-ethyl-N-nitrosourea (ENU) induced rat glioma model

The possibility of having experimental models of brain tumors allows for testing
therapies applicable to human brain tumors. There is a major need of animal models in
experimental neuro-oncology that can be used to assess the efficacy of innovative approaches
for the treatment of brain tumors. There are several reasons for modelling of gliomas, which
include: 1) determining which genetic alterations identified in human gliomas are the actual
etiological events in the formation of gliomas by mimicking those genetic alterations in mice.
2) Accurate animal models are powerful tools to investigate important aspects of glioma
biology that cannot be studied in cell culture systems, such as angiogenesis, invasion, and
metastasis. There are numerous approaches for modelling gliomas. To date, four major
approaches have been successfully employed: 1) chemical mutagen-induced models, 2)
germline genetic modification-induced models, 3) xeno or allograft transplantation-induced
models, and 4) somatic genetic modification-induced models. In very few cases radiation
induced brain tumor models is employed. Each of these strategies has characteristic features
that have advantages or disadvantages depending on the application. Among DNA viruses,
both adenoviruses and papovaviruses have been shown to induce brain tumors in animals. RNA
viruses causing experimental brain tumors consistently belong to the retrovirus group. On the

other hand, the hetero-transplantation of human brain tumors into immune-deprived animals
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has gained great interest after the development of the nude mouse model. It is known that
human meningiomas and glioblastomas can grow after subcutaneous transplantation into the
nude mouse, maintaining its original morphology. However, at present, diverse chemical
agents provide the best models of experimental neurocarcinogenesis.
4.1.1a. Chemical neurocarcinogenesis

The discovery of chemical carcinogens has stimulated neuro-oncology research
because, after systemic application, these compounds induce a high incidence of tumors in the
central nervous system (CNS) and peripheral nervous system (PNS). Druckrey et al, has
demonstrated the ability of N-methyl-N-nitrosourea (MNU) in inducing CNS tumors
(Druckrey et al, 1969). N-nitroso-compounds in particular nitrosamides are not only
carcinogenic but also toxic, teratogenic and mutagenic (Magee, 1969). Some of these
compounds occasionally induce tumors in the CNS of adult animals, but they represent
powerful neuro-oncogenic agents when administered transplacentally or during the early stages
of postnatal life. Compounds, such as N-propyl-N-nitrosourea, N-butyl-N-nitrosourea, N-
dimethyl-N-nitrosourea, and N-Trimethyl- N-nitrosourea, have been used in literature to
induce CNS tumors. However, at present, N-ethyl-N-nitrosourea (ENU) is considered the best
chemical agent to induce experimental brain tumors, because it is capable of inducing a high
incidence of tumors, with known latency and morphology. These carcinogens would induce
glioma formation by inducing mutations in simultaneous multiplication of cells of different
origin (Zimmerman, 1969).
4.1.1b. Mechanism of tumor induction in chemical neurocarcinogenesis

Most carcinogenic compounds are precarcinogens which are converted in the host. The
final product of this transformation is an electrophilic group that is capable of reacting with
various cell constituents. Upon metabolism these carcinogens are converted into carbonium
ion and nitrogen ion whereby they react with —SH, —-OH or —NH groups of proteins or nucleic
acids. These compounds exhibit biological effects as alkylating metabolites which are formed
during processing in vivo. Alkylation of guanine in DNA has been observed with ethyl and
methyl nitrosourea and observed to persist for longer time duration in brain than in liver
(Wechsler et al, 1969; Goth and Rajewsky, 1974; Kleihues and Margison, 1974). Recent
studies suggest the possibility that the induction of neural tumors by nitrosourea compounds
may be related to a deficiency in DNA repair mechanisms in the Nervous System (Goth and
Rajewsky, 1974). In the non-target organs for carcinogenic action, the O6-alkylation excision

is repaired during replication, or alteration remains in the sequence of DNA bases.
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4.1.1c. Factors influencing the tumor induction by chemical neurocarcinogenesis

Several factors like species, age of animal, dose and mode of administration of
carcinogen and immunological factors influence the incidence, distribution, histology of
tumors, and survival time of animals. For example, male Sprague-Dawley rats treated with
methyl nitroso urea only develop brain tumors, while male Fischer rats show a high incidence
of PNS tumors (Swenberg et al, 1972). In adult animals, repeated doses of the carcinogen is
needed to obtain a high incidence of neurogenic tumors. In perinatal carcinogenesis, however,
a single dose is sufficient to induce tumors in the nervous system, approximately in 90-100%
of the experimental animals. The prenatal administration of these compounds increases the
neurospecific carcinogenic effect. Even the amount of carcinogen influence the rate of tumor
occurrence. For example, number of tumors transplacentally induced by ENU can vary
between 100% and 63% when the carcinogen dose is reduced from 80 mg / kg to 5 mg / kg
body weight. Regarding the role of immunological factors in development of nervous system
tumors, there is very little data. Delinger et al, (1973) studied the effect of the suppression of
cell mediated immunity in carcinogenesis with methyl nitroso urea in Fischer rats. They used
a treatment with anti-lymphocyte serum and observed no change in the incidence of neurogenic
tumors.

These carcinogens induce tumors in different parts of brain. For example, these tumors
are located preferably in periventricular region, in subcortical white matter of the cerebral
hemispheres, and hippocampus. The periventricular tumors usually develop around lateral
ventricles, including caudate nucleus and corpus callosum. In the spinal cord, tumors are
normally at cervical and lumbar segments. After histological studies, the experimental brain
tumors induced by ENU are classified as: 1) Mixed gliomas (oligodendro-astrocytomas). 2)
Anaplastic gliomas, tumors that show great cellular pleomorphism with high mitotic activity
and regressive changes. 3) Glioependymomas, tumors with ependymoma features that
contained pleomorphic glial cells. 4) Gliosarcomas, containing neoplastic glial cells and
mesodermal cells (Wechsler et al, 1969; Druckrey et al, 1970; Koestner et al, 1971; Swenberg
et al, 1972). Neoplasms produced by methyl nitroso urea (MNU) and ethyl nitroso urea (ENU)
have morphological and biological similarities to naturally occurring neural tumors in human
and animals. An ethyl group in nitrosourea results in a relative specificity of nervous system
tumors by transplacental route of administration, whereas methyl side chain results in high
yields of these tumors after intravenous administration in the mature animal. MNU has to be
given in small repeated doses to adults to obtain highest incidence, whereas ENU exerts its

maximal carcinogenic action transplacentally or in neonatal application.

Page | 83



Chapter 4

4.1.1d. ENU induced glioma development in rat

ENU induced rat glioma model has allowed the study of several aspects of tumor
behaviour, such as microvascular organization (Yoshimura et al, 1998), dedifferentiation (Jang
et al, 2004), gene mutations (O’Neill, 2000), microcirculation, angiogenesis (Bulnes et al,
2007) and experimental therapeutic agents (Kish et al, 2001). The ENU-induced glioma rat
model is a well-established animal model for studying the natural development of glioma and
is representative model for human glioma because of its location and also of its similar
molecular and genetic alterations.

ENU induces tumors by acting on the NPC which persists in the ventricular and
subventricular region (Leonard et al, 2001). During brain development, neuronal proliferation
and differentiation precede the glial development. Hence, ENU injected at 18th day of
gestational period is likely to show effect on glial cells that are actively proliferating and makes
them susceptible to ENU action. ENU induced glioma rat model is an appropriate model to
study stage specific alterations during tumor progression and it also provides latent period,
which gives lucid perception of pathological changes in tumor development (Schiffer et al,
1980; Trosko, 2001). However, transplacental neurocarcinogenesis induced by ENU, is an
ideal model for the study of glial tumors, because essentially 100% of offspring’s develop
neural tumors several months after a single maternal exposure in the late embryonic period
(Druckrey et al, 1966; Koestner, 1990). Since ENU decomposes rapidly in vivo (Goth and
Rajewsky, 1974), the interaction between the carcinogen and the relevant cellular
macromolecules is brief and allows for a sequential study of tumor development. However,
there is a latency period that it is the time between birth and the first neurological
manifestations. This period has generally been estimated between 5 or 6 months. When animals
are killed during this period of time, tumor lesions can be observed with different levels of
development. The first "early neoplastic proliferations” appear about two months after birth.
These lesions represent early stages of tumor development, and are generally located in the
white matter at the level of the lateral ventricles, and the angle of the ventricle, between the
caudate nucleus and corpus callosum, or in the subcortical white matter. The tumors that
develop from these microtumors retain their morphology, including proliferation centres, but
occasionally may have an increased cellular pleomorphism. At four-five months, they show a
polymorphic aspect. In many proliferative centres, the cells develop a cytoplasm showing a
clear appearance of astrocytes, which subsequently can be gemistocytic. In these neoplasms a
central zone showing avascular necrosis, and a peripheral vascular zone can be observed. In

most vessels, hyperplasia at level of endothelial cells (Nishio et al, 1983), and an increase in
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the number of capillaries can be seen. In contrast to sections of untreated rats, H&E staining
sections of ENU induced glioma rats show cells with apoptotic features and marked cellularity
including mitotic figures and bizarre pleomorphic cells and increased cellularity in sub
ventricular region. General scheme of tumor development after transplacental ENU

administration is represented in fig. 4.1.

Development of transplacental ENU tumors

Mo J 2 3 4 5 ¢ ¢ § g W oy @ p o |
Voo bbb e by b
Hyper | ENP’s

Glila micro
tumors
‘ Glila tumors |
Reactive | Polymorphic Glila tumors ‘
astrocytes
| Oligodendroglial foci ‘
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Clinical latency time

Fig. 4.1. General scheme of tumor development after transplacental ENU. (Schiffer et al,
1980).

4.1.2. INK pathway

The mitogen-activated protein kinase (MAPK) cascades are evolutionary conserved,
intracellular signal transduction pathways that respond to various extracellular stimuli and
control a large number of fundamental cellular processes including growth, proliferation,
differentiation, motility, stress response, survival and apoptosis (Shaul and Seger, 2007; Raman
et al, 2007; Pimienta and Pascual, 2007). MAPK family includes three modules: Extracellular
signal regulated kinase cascade, c-jun N-terminal kinase cascade and p38 MAPK cascade.
The c-Jun N-terminal kinase (JNK) group of mitogen-activated protein kinases (MAPKS) is
activated in mammalian cells by environmental stress, pro-inflammatory cytokines, and
mitogenic stimuli. The c-Jun NHa-terminal kinase (JNK) is activated by the cytokine tumor

necrosis factor (TNF). This pathway is implicated in the regulation of AP-1-dependent gene
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expression by TNF. JNK enzymes phosphorylate transcription factors such as c-Jun, ATF-2,
and JunD, which participate in formation and activation of the AP-1 complex (Karin and
Gallagher, 2005). JNK family members include JNK1, JNK2 and JNK3, each of which has
multiple isoforms that are generated through alternative splicing events (Gupta et al, 1996).
JNK1 and JNK2 are ubiquitously expressed, while JNK3 is principally expressed in neural
tissue (Davis, 2000). Biochemical and genetic studies demonstrate that JINK regulates the
activities of many transcription factors and is involved in cell death, proliferation, and
differentiation as well as cells response to stress such as ultraviolet light and proinflammatory
molecules. The mechanism of activation of JNK is mediated by dual phosphorylation within
kinase subdomain VI1II on the motif Thr-Pro-Tyr. This phosphorylation is mediated by the
MAP kinase kinases MKK4 and MKK?7. These MAP kinase kinases serve as signaling
molecules that integrate a wide array of stimuli into the activation of JNK signaling pathway.
The diversity of mediators upstream of MKK4 and MKK7 may allow JNK pathway activation
by a range of external stimuli such as tumor necrosis factor (TNF) and interleukin-1 (Dong et
al, 2002).The JNK cascade was initially identified as a regulator of the transcription factor c-
Jun, and a mediator of intra- or extra-cellular stresses, which gave it its other name, stress-
activated protein kinase (SAPKSs) cascade (Davis, 1994).Upon activation, the stress and other
stimuli transmit their signals to small GTPases such as CDC42 and Racl, which activate the
MAP3K level kinases either directly or via MAP4Ks. Alternatively, the MAP3Ks and
MAP4KSs of the cascade can be directly activated also by stimulated interaction with adaptor
proteins such as TRAF (Bradley and Pober, 2001). A large number of MAP4Ks (Dan et al,
2001) and MAP3Ks (Craig et al, 2008) has been identified thus far, and each of these seems to
transmit signal of the cascade by binding to distinct scaffold proteins under distinct conditions
(e.g. JIPs (Whitmarsh, 2006). Upon activation, kinases at MAP3K tier transmit signals further
by phosphorylating Thr and Ser residues in activation loop, and thereby activating kinases at
MAPKK level (MKK4 and MKK7 (Wang et al, 2007). In turn, these kinases activate the three
components at the MAPK level (JNK1-3; 46 and 54 kDa; JNKSs) by direct phosphorylationof
Tyr and Thr residues in their activation loop's Thr-Pro-Tyr motif). JNK activation may
influence important cellular consequences, such as alterations in gene expression (Xie et al,
2005; Zachos et al, 1999), cell death (Guessan et al, 2005; Tamanini et al, 2003), viral
replication, persistent infection or progeny release (Rahaus et al, 2004), or altered cellular
proliferation (Lan et al, 2004).

The oncogenic role of INK signaling pathway is well established in several cancers but

little is known in glioma development. It has been documented that JINK pathway is activated
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in astrocytic tumors in direct association with WHO grade of malignancy but not in normal
brain tissues, suggesting a role for JNK in biology of astrocytic tumors including their most
malignant form, glioblastoma (Antonyak et al, 2002; Assimakopoulou et al, 2007; Li et al,
2008). A study using the serum-cultured U87 cell line showed that INK is indeed involved in
the growth of bulk-cultured glioblastoma cells as well as xenografts derived from them, the
results also showed that such JNK involvement is modest (Cui et al, 2006). However, INK2aq,
a JNK isoform is constitutively activated through an auto phosphorylation mechanism
independently of upstream activating signals, is reportedly expressed in majority of human
glioblastomas (Cui et al, 2006). Recently Ken-ichiro Matsuda et.al, have shown that JINK
pathway is activated in small sub population of cells called stem like glioblastoma cells
(Matsuda et al, 2012). Thus, targeting JNK pathway either upstream or downstream of JNK
may be essential to control the pathway in glioblastoma cells.

In the present study we wanted to investigate role of JNK signaling pathway in
progression of ENU-induced rat gliomas and in vitro targeting rat C6 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 INK1,-2 and -3 with more than >20 fold

selectivity over other related MAP kinases (Bennett et al, 2002).

4.2. Materials and methods
4.2.1. Screening of the vaginal smears for time specific gestation in rats

Prior to the experimentation, institutional ethical clearance was obtained as per the
national ethical committee guidelines (CPCSEA-2011). Female Wistar rats weighing about
250 g were screened regularly at daily interval by using methylene blue dye method for the
pattern of vaginal smears to detect the different stages of estrus cycle. When the rats showed
estrus smear pattern, they were allowed for mating and the day following mating with

appearance of diestrus pattern of vaginal smear indicated zero-day of pregnancy.

4.2.2. Induction of experimental transplacental glioma

All the experiments on animals were approved by the institutional ethics committee.
ENU (Sigma Aldrich, St Louis, MO, USA) was freshly prepared by dissolving 10 mg/ml in
0.9% saline and adjusted pH to 4.5 with crystalline ascorbic acid. ENU injections were
performed as described earlier (Bhaskara et al, 2006; Sareddy et al, 2009). In this study 6

pregnant Wistar rats were injected with single transplacental dose of (75 mg/kg body weight)
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of ENU on 18th day of gestational period and rats receiving injections of saline at the same day
of gestation under similar conditions were used as control.The sample group containing total
of 44 glioma rats was sacrificed at postnatal day (P) 90, 16rats at (P) 135 and 16 rats at (P) 180
days representing different levels/grades of tumor malignancy and used for western blot and
histopathological analyses. For histological studies we examined the coronal section of glioma

rat brains encompassing the anterior corpus callosum to the posterior hippocampus.

4.2.3. Western blotting

Rat brain tissues were homogenized in 5 volumes of RIPA (radioimmunoprecipitaiton
assay) buffer containing 50 mM Tris-HCI (pH 8.0), 150 mM NaCl, 1 mM EDTA, 0.4% deoxy-
cholate, 1% NP-40 containing  protease inhibitors including 1 mM
phenylmethylsulfonylfluoride (PMSF) and phosphatase inhibitors including 10 mM f3-
glycerophosphate, 10 mM NaF, 0.3 mM Na3Vo4 and 0.3 mM aprotinin. The lysate was
sonicated for 2 min and centrifuged at 14,000¢g for 15 min at 4°C. The supernatant was collected
as whole tissue lysate and frozen at -80°C before use. Protein concentrations were determined
by Lowry method. 75 pug of cellular protein were mixed with SDS sample buffer, boiled for 5
min and subjected to electrophoresis on 10% SDS-polyacrylamide gels and transferred onto
nitrocellulose membranes. After blocking the nitro cellulose paper in non-fat dry milk (5%) in
Tris Buffered Saline (TBS) (10mM Tris (pH 7.5), 150 mM NacCl) for 1 h at room temperature,
membranes were incubated for 12 h with primary antibody pMKK4, pJNK, JNK, pc-jun and
B-actin (Cell Signalling Technologies, Beverly, MA, USA) for overnight at 4°C. Then
membranes were incubated with secondary antibodies conjugated to alkaline phosphatase
(ALP) (anti-rabbit and anti-mouse 1gG conjugated to ALP obtained from Genei Pvt Itd,
Bangalore, India), for 1-2 h at room temperature. Before and after incubation with secondary
antibodies, membranes were washed with TBS and TBST (TBS containing 0.1% Tween- 20).
Immunoreactivity was visualized by incubating the membranes with BCIP-NBT solution
(Genei Pvt Limited, Bangalore, India). Membranes were analyzed quantitatively using image
J software (NIH).

4.2.4. Immunohistochemistry

Immuno histochemical studies were performed on formalin-fixed, paraffinembedded
specimens. Briefly, sections were deparaffinised in xylene and passed through graded alcohols
and further rehydrated in phosphate buffered saline (PBS). Antigen unmasking was carried out

by micro waving the sections for 10-14 min in 10mM citrate buffer (pH 6.0). Sections were
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then treated with 3% H202 for 10 min to inhibit endogenous peroxidase followed by
incubation with blocking serum for 1 h at room temperature in a humid chamber. The sections
were then incubated overnight at 4°C with primary antibodies against pMKK4, pJNK and pc-
jun for 1 h at room temperature followed by incubation with peroxidase conjugated secondary
antibody for 1 h at room temperature. After washing in TBS, diaminobenzidine (DAB) in
buffer was applied till sections develop colour. Then, sections were washed with distilled water
followed by dehydration in graded alcohols, xylene and mounted with DPX (kit obtained from
Biogenex Pvt Limited, India). In each experiment, a negative control was included in which

the primary antibody step was skipped and replaced by non-immune serum.

4.2.5. Cell culture

C6 glioma cell line was obtained from National Center for Cell Science (NCCS), Pune,
India. C6 cells were cultured in RPMI media, supplemented with 10% FBS, 100 IU/ml
penicillin and 100ug/ml streptomycin in a humidified atmosphere with 5% CO0; at 37°C.

4.2.6. Cell viability, Clonogenic assays and Western Blotting

The growth inhibitory effect of SP600125 on C6 cells was assessed by trypan blue
exclusion assay. C6 cells were plated (1x10°/well) in a 6-well plate and treated with vehicle
(0.1% DMSO) or 20uM of SP600125 for 24 h, 48 h and 72 h. Then, number of trypan blue-
excluding viable cells was counted using light microscope. Clonogenic assays were performed
by plating 500 C6 cells in a 100-mm dish and treated with SP600125 or vehicle (0.1% DMSO)
for 48 h. Then cells were allowed to grow for 7 days and stained with 0.5% methylene blue in
50% methanol. Colonies that contain more than 50 cells were counted (Du et al, 2004). All
treatments were performed in triplicate and results expressed as mean + S.D.

Besides, C6 cells were treated with vehicle (0.1%DMSO), 10uM, 15 uM and 20 uM
SP600125 for 12 h and the cells were lysed in RIPA buffer followed by sonication and
centrifugation at 14,000 rpm for 15 min. The supernatant was collected as whole cell lysate
and subjected to western analysis for INK, pJNK, pc-jun and B-actin as described earlier.

4.2.7. Statistical analysis
All data are represented as mean = S.D. Differences between tumors and controls were
compared by paired Student’s t-test (n = 44). P values <0.05 were considered as statistically

significant.
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4.3. Results
4.3.1. Identification of vaginal smears pattern representing different stages of the estrus
cycle

Time specific gestation is essential for the administration of ENU during the critical
gestation time period of the rats. Appearance of different patterns of vaginal cells followed in
a cyclic manner among the rats. Estrus stage was indicated by the presence of large cornified
(degenerative cells which lost nuclei) epithelial cells with few nucleated cells. Metestrus was
observed after ovulation and consists of large cornified epithelial cells mixed with
polymorphonuclear leukocytes. Presence of polymorphonuclear leukocytes exclusively along
with few nucleated epithelial cells was classified as diestrus stage, which was known as period
of inactivity. Mixture of round nucleated epithelial cells and presence of few leukocytes in the
smear will indicate proestrus stage. Proestrus stage is known to be as preparatory period of next

estrous cycle. Vaginal cell patterns of different stages are presented in fig. 4.2.

Proestrus

PR A .

Diestrus

Fig. 4.2. (a) Rat vaginal smear showing mixture of round nucleated epithelial cells and with
few leukocytes, which lasts for 12 h. This pattern is referred to as proestrus stage of the cycle.
(b) Rat vaginal smear showing presence of exclusively a large cornified epithelial cells with

few nucleated epithelial cells, which lasts for 12 h. This pattern is referred to as estrus stage of
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the cycle. (c) Rat vaginal smear showing presence of large cornified epithelial cells mixed with
polymorphonuclear leukocytes, which lasts for 21 h. This pattern is referred to as metestrus
stage of the cycle. (d) Rat vaginal smear showing presence of exclusively a large number of
polymorpho nuclear leukocytes through the smear, which lasts for 60—70 h. This pattern is

referred to as diestrus.

4.3.2. Screening the glioma rats with neurological symptoms indicating growth of brain
or spinal cord tumors

Clinical examination should include observation on state of consciousness and
behaviour, grooming state, gait, head posture, visual and tactile placing reactions, bladder
function, appearance of eyes, response of limbs to stimuli, and palpation of cranium and spine.
In the present study, rats were suffering due to the corneal erosion observed from the birth,
weight loss, shaggy and loss of fur along with discoloration of skin, rats were also observed to
be aggressive or depressive. Animals with neurological symptoms indicating growth of brain

tumors were used for the present experimentation.

4.3.3. Increased expression of pMKK4, pJNK and pc-Jun with tumor malignancy

The protein levels of pMKK4, an upstream activator of JNK, were significantly
elevated in glioma rats compared to saline treated control rats (P<0.05) (Fig.4.3a and b).
Immunohistochemical analysis showed pMKK4 positivity in tumor cells of 90, 135 and 180
day gliomarats (Fig. 4.3c). MKKA4 is phosphorylated and activated by Raf kinases in response
to growth factor and stress stimuli which further phosphorylates and activates JNK resulting in
its nuclear translocation. In the present study, the levels of pJNK were significantly increased
in brain tissues of glioma bearing rats compared to controls (P<0.05) (Fig. 4.4a and b). Further,
immunohistochemical analysis revealed its cytoplasmic and nuclear positivity in tumor cells
of 90, 135 and 180 day brain sections of glioma bearing rat (Fig. 4.4c). In contrast, un-
phosphorylated JNK levels were unchanged in brain tissue of control and glioma bearing rats.
In nucleus, pJNK mediates its effects through phosphorylating and activating c-Jun. In this
study, levels of pc-jun were significantly increased in brain tissues of glioma bearing rats in
comparison to control rats (P<0.05) (Fig. 4.5a and b). Further, immunohistochemical analysis

revealed its nuclear positivity for pc-jun in tumor cells of glioma bearing rats (Fig. 4.5¢).
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Fig. 4.3. Overexpression of pMKK4 in gliomas. (a) Whole cell lysates extracted from glioma
rat brains were resolved on 10% SDS gels and subjected to western blot analysis. 3-actin used
as loading control. (b) Quantitative densitometric comparison of pMKK4 protein levels
between controls and glioma rats. Data presented are mean + SD from three independent
experiments (*p < 0.05 indicate significant difference relative to the corresponding control).
(c) Paraffin embedded sections prepared from glioma rat brains were incubated with anti-
rabbit-pMKK4 primary antibody overnight at 4°C and peroxidase conjugated secondary
antibody for 1 h at room temperature. Then, immunoreactivity was visualized by
diaminobenzidine (control, P90, P135 and P180: “P” indicates post natal age in days of glioma

rats).
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Fig. 4.4. Overexpression of pJNK in gliomas. (a) Whole cell lysates extracted from glioma
rat brains were resolved on 10% SDS gels and subjected to western blot analysis. JNK used as
loading controls. (b) Quantitative densitometric comparison of pJNK protein levels between
tumor sections of control and glioma rats. Data presented are mean + SD from three
independent experiments (*p < 0.05 indicate significant difference relative to the
corresponding control). (c) Paraffin embedded sections prepared from glioma rat brains were
incubated with anti-rabbit-pJNK primary antibody overnight at 4°C and peroxidase conjugated
secondary antibody for 1 h at room temperature. Then, immunoreactivity was visualized by
diaminobenzidine (control, P90, P135 and P180: “P” indicates post natal age in days of glioma
rats).
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Fig. 4.5. Overexpression of pc-Jun in gliomas. (a) Whole cell lysates extracted from glioma
rat brains were resolved on 10% SDS gels and subjected to western blot analysis. f-actin used
as loading control. (b) Quantitative densitometric comparison of pc-Jun protein levels between
controls and glioma rats. Data presented are mean + SD from three independent experiments
(*p < 0.05 indicate significant difference relative to the corresponding control). (c) Paraffin
embedded sections prepared from glioma rat brains were incubated with anti-rabbit-pc-Jun
primary antibody overnight at 4°C and peroxidase conjugated secondary antibody for 1 h at
room temperature. Then, immunoreactivity was visualized by diaminobenzidine (control, P90,

P135 and P180: “P” indicates post natal age in days of glioma rats).
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4.3.4. SP600125 inhibited C6 cell viability with decreased expression of INK modules

In order to confirm the role of JNK signaling in glioma malignancy, we conducted
studies with specific peptide JNK inhibitor SP600125 in C6 rat glioma cell lines. Treatment
with SP600125 resulted in the significant inhibition of C6 cell proliferation in a time dependent
manner (P<0.05) (Fig. 4.6a). Further, we performed clonogenic assays by plating 100 C6 cells
in 100mm culture dishes and treated with SP600125 for 48 h and allowed to grow for 8 days.
The clonogenic efficiency of C6 cells was significantly inhibited (P<0.05) following SP600125
treatment (Fig. 4.6b). Likewise, C6 cells treated with different concentrations (10uM, 15 uM
and 20 uM) of SP600125 decreased the expression level of pJNK and pc-Jun in dose dependent
manner compared to vehicle (0.1% DMSOQO) treatment (Fig. 4.6¢). These results clearly suggest

that SP600125 reduces the proliferation of C6 glioma cells by inhibiting the JNK signaling

pathway.
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Fig. 4.6. Effect of SP600125 on proliferation of C6 glioma cell lines. (a) C6 cells were seeded
in 6 well plates and treated with vehicle (0.1% DMSO) or 20 uM SP600125 and total viable
cell numbers determined at daily intervals. Day “0” represents the starting condition of cells
before addition of the inhibitor. Data presented are mean + SD and are representative of three
independent experiments (*p < 0.05). (b) 500 C6 cells were seeded in 100 mm culture dishes
and treated with either vehicle (0.1% DMSO) or 20 uM SP600125. 8 days later colonies were
stained with methylene blue and those containing 50 cells or greater were counted. Data
presented are mean + SD and are representative of three independent experiments (*p < 0.05).
(c) Whole cell lysates were prepared from vehicle (0.1% DMSO) and SP600125 treated C6
cells and subjected to western analysis with INK, pJNK and pc-Jun antibodies. B-actin served

as internal control. Blots are representatives of three independent experiments.

4.4. Discussion

The chemical mechanism of tumor induction by ENU is well known and the model is
very well established animal model to study tumor biology (Zook et al, 2000). Although used
extensively in the 1970s and 1980s, ENU model has been abandoned for long time by glioma
biologists on the basis that ENU is not a common cause of gliomas (which occur
spontaneously), produces nonspecific genetic damages, and results in a diverse number of
glioma types that creates too much heterogeneity for systemic study. However, each of these
points can be answered. Thus, although vast majority of gliomas appear to rise
“spontaneously”, this does not exclude the possibility that the process was initiated by a prior
exposure. As, in fact, it was shown by several epidemiological studies that exposure to
chemical and radiological agents as important risk factors in glioma development (Wrensch et
al, 2002). The ENU model accurately reflects the scenario of the apparent spontaneous
development of gliomas because there is no way to distinguish the ENU-induced rat from an
uninduced littermate until the former suddenly becomes symptomatic of glioma in middle age.
The long latency between the administration of ENU which is cleared immediately and the
appearance of brain tumors in offspring suggest that tumors develop through a multi-step
process. ENU induces tumors by acting on the neural precursor cells (NPC) which persists in
the ventricular and subventricular region (Leonard et al, 2001). From birth to one month of
extra uterine life there is no difference between treated and control rats in the ventricular region,
cortex, periventricular white matter and subeppendymal layer. After 30" day diffused cellular

hyperplasia can be observed in the paraventricular white matter and reactive astrocytes appear.
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These lesions further grow and become early neoplastic proliferation (ENP) (Schiffer et al,
1980). These ENP centers or oligodendroglial foci appear at the end of second month of extra
uterine life and continue to appear till 31> months and subsequently progress to “micro tumors”
and then “tumors” at different stages of tumor development. Circumscribed necrosis and
endothelial cell proliferations appear at 51> months (Schiffer et al, 1978). In terms of the
chromosomal aberrations produced, ENU produces N- and O-ethylation that damages DNA.
Targeted cells then apply repair mechanisms. Subsequently, the insult and repair mechanisms
result in a random mutagenesis including deletions, substitutions, and translocations (Shibuya
et al, 1993; Alvarez et al, 2003; Beranek, 1990). Thus, a wide range of abnormalities can be
noted, several of which are quite representative of the clinical situation. Finally although many
types of primary tumors occur after ENU exposure, they resemble those encountered clinically.
The WHO classification lists >17 tumors that can be clinically classified as gliomas based on
their morphological characteristics (Kleihues et al, 2000). The ENU-induced tumors are
composed of similar glial type of cells that can fit within such subgroups by using clinical
neuropathological strategies. Furthermore, macroscopic tumors frequently contain hemorrhage
and necrosis that are characteristic of the most malignant GBM (Zook et al, 2000). Thus,
although a variability of glioma types is encountered in this model, they all have analogies to
human histological findings (Jang et al, 2008). In the present study, we studied the stage
specific alterations of JNK signaling at initiation (P90), promotion (P135) and progression
stages (P180) of tumor development.

Till now, many molecules and pathways have been described as possible areas in the
control of gliomas (Tabatabai et al, 2011). Nevertheless, none of these areas have been
demonstrated as feasible targets of drugs meeting above necessities. Growth factors and growth
factor receptors have shown to play an important role in neoplastic transformation of central
nervous system tumors (Nieder et al, 2003). Over expression of PDGFR and EGFR and their
ligands are common features of GBMs. These ligands and receptors activate Ras pathway, a
major oncogenic signaling pathway, which activates the MAPK signaling cascades. Several
lines of evidence suggest that ERK pathway is primarily activated by growth factors and ERK
pathway activation associated with several human cancers (Reddy et al, 2003). Previously we
reported the overexpression of growth factor receptors EGFR and PDGFR in human and ENU-
induced rat gliomas and also showed the elevation of ERK signaling in human as well as ENU-
induced rat gliomas (Bhaskara et al, 2005; Bhaskara et al, 2006). In addition, EGFR also
activates JNK pathway and this activation is associated with several cancers. EGFR activation

and PTEN loss are the most frequent events in gliomagenesis and these events act as upstream
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modulators of JNK pathway (Rong et al, 2009). On the other hand, JNK2a, a JNK isoform
overexpressed in most of the human glioblastomas is activated through an auto-
phosphorylation mechanism independent of upstream activating signals (Cui et al, 2006). The
JNK signaling pathway is primarily implicated in apoptosis in response to several stress
stimuli. However, under certain physiological conditions, JNK plays a protective role and
controls cell survival, cell proliferation, cell transformation, tumor progression and embryonic
morphogenesis. Several lines of evidences suggest role of JNK signaling in cell growth and
proliferation. Most of cultured cells have basal JNK activity and it is activated in response to
growth factors (Kyriakis et al, 1994; Nieder et al, 2003). JNK pathway is required for
transformation by Ras and other oncogenes and fibroblasts become partially transformed upon
constitutive JNK activation (Rennefahrt et al, 2002). At this juncture we have recognized JINK
as a critical regulator of ENU induced glioma progression. It has been reported that JINK
pathway is activated in astrocytic tumors and degree of activation correlates with WHO grade
of malignancy but not in normal brain tissues, implicating a vital role for INK in gliomagenesis
and its progression including their most malignant form, glioblastoma (Li et al, 2008). In
addition, blocking of JNK with antisense oligonucleotides inhibited cell growth of human
GBM cells (Potapova et al, 2000). The elevation of JNK signaling in pathogenesis of human
brain tumors is reported previously and also found that JNK activation is most common than
that of ERK in human astrocytomas (Antonyak et al, 2002; Tsuiki et al, 2003). Therefore,
targeting JNK pathway either upstream or downstream of JNK can help us to control glioma
growth. To test this hypothesis we used JNK inhibitor SP600125 (Bennett et al, 2002). Several
studies have demonstrated the in vitro and in vivo effects of SP600125, thus it has become the
small molecular inhibitor of JNK. In this study we observed that JNK signaling cascade is
activated in ENU-induced gliomas compared to controls. Most importantly, use of specific
JNK inhibitor SP600125 inhibited the proliferation and clonogenic efficiency of C6 glioma

cells with decreased expression of JINK components.

4.5. Conclusion

In conclusion, though the present study does not provide complete evidence about INK
being therapeutic target compared to the candidate molecules described earlier, the in vitro
study described in this report is consistent with and in support of existing studies, providing
further support that JINK is a key regulator of ENU induced glioma progression and JNK might

be an attractive target for therapeutic depletion of glioma.
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5.1. Introduction

Glioblastoma (GBM) is the most aggressive and heterogeneous form of malignant
glioma. Current treatment modalities for glioma include surgery, radiotherapy and
chemotherapy. Despite advanced treatment modalities, survival rate of patients diagnosed with
glioma is less than 12 months and only 5% of patients survive up to 5 years (CBTRUS, 2011).
The minimal survival period of these patients is due to recurrent nature of GBM (Nupponen
and Joensuu, 2006; Ohgaki and Kleihues, 2009). The current chemotherapeutic options for
glioma are associated with numerous limitations. Furthermore, most of the chemotherapeutic
agents have a limited activity against glioma as a result of partial penetration through the blood
brain barrier (Ostermann et al, 2004; Portnow et al, 2009). Factors recently described to play
vital role in chemo resistance and hindering the access of drugs to central nervous system
(CNS) tumors are: the presence of efflux pumps, low pH and hypoxic environment present
around the tumor (Neuwelt et al, 2011; Haar et al, 2012). Hence, there is a need for novel
potential drugs which can overcome these impeding factors and penetrate into the tumor core
and induce cytotoxicity in the cancer cells without affecting the healthy functioning of non-
cancerous cells.

Recent studies have shown that tumor microenvironment promotes maturation of tumor
into malignant form. It is proposed that hypoxia and acidity encourage the conversion of benign
tumor to its malignant form by promoting the invasion of tumor cells. The acidic environment
around the tumor has been shown to play a significant role in chemo resistance, proliferation
and metastatic behaviour (Sennoune et al, 2004). Previously, it was hypothesized that tumors
are acidic due to their marked rate of lactic acid production (Warburg, 1956). Nevertheless,
tumors are able to create the acidic environment also in conditions of reduced production of
lactate via glycolysis, signifying that the aerobic metabolism is not the major mechanism
responsible for the development of an acidic environment within solid tumors (Newell et al,
1993; Yamagata et al, 1998). Particularly, the causes for the acidic pH in tumors may include
(a) deficiencies in tumor perfusion, due to the abnormal vascularization of the tumor mass; (b)
hypoxia and metabolic abnormalities associated with transformation and uncontrolled cell
growth; and (c) increased capacity for transmembrane pH regulation. These conditions may
create a sort of malicious environment that may favour the selection of highly malignant tumor
cells which can persist in hypoxic and acidic environment (Fais et al, 2007). Numerous ion
exchangers expressed on membranes of cancer cells helps in creating acidic tumor

environment. These ion exchangers or protein pumps either pump ions from inside to outside
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of the cells or exchange the ions between external and internal space of the cell. This
mechanism helps the cancer cells to transport H* ions from inside to outside space thereby
avoiding the accumulation of these ions within the cell and rescuing cell from fatal activity of
Iytic enzymes. Vacuolar-type (V-type) H-ATPases are the responsible factors for both the
establishment and the maintenance of the acidic pH of tumors. These V-H"-ATPases pump
protons across plasma membrane, maintaining a relatively neutral intracellular pH, an acidic
luminal pH, and an acidic extracellular pH (Nishi and Forgac, 2002). V-ATPases play a major
role in metastatic tumor development because many tumor cells secrete lysosomal enzymes
that participate in the extracellular matrix (ECM) degradation necessary for metastatic
invasion. These enzymes are most active at low optimal pH and moreover, V-ATPases are
responsible for microenvironment acidification (Nishi and Forgac, 2002; Martinez-Zaguilan et
al, 1993). Cancer metastasis is an ultimate cause leading to the failure of clinical treatment for
patients with malignant tumor (Steeg, 2006). Throughout the entire process of cancer
metastasis, degradation and remodelling of ECM almost exist at each step (Gupta and
Massague, 2006). Thus, blocking the ECM degradation has become a potential approach in the
development of treatment for cancer metastasis. One way to inhibit protease activation in
cancer metastasis is to increase the pH of extracellular microenvironment of metastatic cancer
cells, in turn entirely suppressing the activation of proteases and blocking the process of
degradation and remodelling of ECM (Lu et al, 2005; Rofstad et al, 2006). These evidences
suggest that V-ATPases may represent a target of cancer therapy by directly regulating the pH
gradient within tumor microenvironment, indirectly avoiding activation of ECM proteases.
Molecular silencing and pharmacologic inhibitors of the V-ATPases can delay cancer growth,
but such approaches may result in severe toxicity and be unfeasible and problematic. Drugs
which inhibit the function of V-H* -ATPases are regarded as proton pump inhibitors (PPIs).
PPIs, which include omeprazole, esomeprazole, lansoprazole, pantoprazole, and rabeprazole,
are substituted 2-pyridyl-methylsulfinyl benzimidazoles. These drugs are in the pro or inactive
form, therefore in acidic environment these drugs gets protonated and result in formation of a
tetracyclic sulfenamide, which is the active form of the drug (Larsson et al, 1985). These drugs
have been used for short and long term treatment of gastritis in very high doses (150 mg/d)
without major side effects (Martin de Argila, 2005). Proton pump inhibitors (PPI) have been
largely and successfully used for the treatment of peptic diseases, due to their antiacidic
properties. After protonation in the acidic spaces of the stomach, PPI irreversibly bind the
proton pump, dramatically inhibiting proton translocation and acidification of the extracellular

environment. The specific targets of PPIs are H-ATPases normally contained within the lumen
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of gastric parietal cells. However, PPI also inhibit the activity of V-ATPases, thus blocking
proton transport across membranes. The extracellular pH of tumor being low compared to cell
cytoplasm impedes the uptake of weakly basic chemotherapeutic drugs thereby reducing their
cytotoxic effect on cancer cells. It has been proved in animal models that bicarbonate-induced
extracellular alkalinisation was found to increase the chemotherapeutic effect of anti-tumor
drugs in significant manner (Raghunand et al, 2003). Besides, many observations in cancer
studies have pointed out anti-proliferative activity of PPI’s by affecting lysosome mediated
autophagy (Andrej et al, 2011) and MAPKinase pathways (Yeo et al, 2008). De Milito et al,
have shown that PPI induced cytotoxicity in B-cell tumors through massive reactive oxygen
species (ROS) activation and lysosomal membrane perturbation, leading to a caspase-
independent cell death (De Milito et al, 2007). The antineoplastic activity of PPl was also
observed in pre-B acute lymphoblastic leukemia cells obtained from patients with acute
lymphoblastic leukemia, as well as in severe combined immunodeficient mice engrafted with
B-cell lymphomas, whose growth was significantly reduced after PPI administration and PPI
treatment clocks up the pH gradient by stopping the V-ATPase—mediated H+ efflux, in turn
allowing anticancer drugs to enter and exert their action within tumor cells and triggering
apoptotic pathways in tumor cells that lead to tumor growth inhibition (De Milito et al, 2007).
Moreover, PPI pre-treatment enhanced the cytotoxic effects of anti-tumor drugs on SGC7901
(Chen et al, 2012). Altogether, these results provided the proof of concept that PPIs may be
considered not only as chemosensitizer agents, but also as a new class of antineoplastic drugs.

Anomalous activation of NF-«xB signaling is found in most of the tumors and regulates
all vital properties of cancer like cell proliferation, suppression of apoptosis, angiogenesis and
metastasis (Basseres and Baldwin, 2006). In mammals, NF-xB family is composed of five
members, RelA (p65), RelB, cRel (Rel), NF-kB1 (p50 and its precursor p105) and NF-kB2
(p52 and its precursor p100) (Ghosh et al, 1998). These proteins exist in homo or hetero dimeric
forms. In unstimulated conditions, NF-kB/Rel dimers are bound to inhibitory protein IkB and
are retained in the cytoplasm. Wide range of stimuli like TNF-a or IL-1, viruses, genotoxic
agents and ionizing radiations activate IKK complex, which phosphorylate at specific serine
residues of IkB leading to its ubiquitination and degradation by the proteasome pathway and
releasing free NF-xB dimers. These free dimers translocate into nucleus and bind to their
specific gene promoters and drive their transcription (Nishikori, 2005). The transcription factor
nuclear factor kB (NF-kB) is constitutively expressed in GBM and is associated with enhanced

growth, cell cycle progression, and inducible chemo resistance (Wang et al, 1999; Ansari et al,
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2001; Nagai et al, 2002). Since, NF-kB signaling is over expressed or activated in glioma
tumors compared to healthy brain tissue, inhibition of NF-xB activation appears as a promising

strategy to improve the efficacy of conventional anti-glioma therapy.

However, 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 GBM cells and also target NF-«xB signaling pathway

in C6 glioma cell line.

5.2. Materials and methods
5.2.1. Chemicals and reagents

C6, U87, U373 cell lines were obtained from National Centre for Cell Science (Pune,
India) and T98G was provided by Dr. Ellora Sen (National Brain Research Center, India)
Pantoprazole sodium hydrate and propidium iodide (PI) were purchased from Sigma-Aldrich
Corp. (St. Louis, MO, USA). RPMI-1640 medium, fetal bovine serum (FBS), penicillin, and
streptomycin were purchased from Gibco BRL (CA, USA). TNF-a, trypsin— EDTA, and
protease inhibitor cocktail were purchased from Sigma Chemicals (St Louis, MO, USA).
Primary antibodies BAX, BCL-2, cytochrome C, t-Bid, caspase-3, and -8, PARP, p53, Cox-2,
iNos, Cyclin D1, p65, IkBa, phospho IkBa, IKKa, GAPDH, Lamin B and B- Actin were
obtained from Cell Signaling Technology (Beverly, MA, USA) and the secondary antibodies,
horseradish peroxidase (HRP)- linked goat anti-mouse IgG and goat anti-rabbit 1gG were
purchased from Santa Cruz Biotechnology ( Santa Cruz, CA, USA). Ready-To-Glow NF-xB
secreted luciferase reporter system assay kit was purchased from Clontech (USA) and pRL-TK
vector was purchased from Promega (Madison, WI, USA). The in-situ apoptosis detection kit
was obtained from Takara Bio (Japan). The protein assay kit was purchased from Bio-Rad
(Hercules, CA, USA).

5.2.2. Cell culture

C6, U87, U373 and T98G cell lines were cultured in RPMI media, supplemented with
10% FBS, 100 IU/ml penicillin, and 100 pg/ml streptomycin in a humidified atmosphere with
5% CO; at 37°C.
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5.2.3. Pantoprazole dose

In all experiments, 40 mg of pantoprazole was dissolved in 0.9% saline followed by
dilution of 1ml above solution in 9 ml of complete medium. The sub-cultured cells from
experiments were treated with varying concentrations of pantoprazole and 0.9% saline in media

alone served as control or vehicle.

5.2.4. Assessment of cell viability and morphology

Inhibition of cell proliferation was measured by reduction of 3-(4,5-dimethylthiazol-2-
yl)-2,5 diphenyltetrazolium bromide (MTT) to formazan. C6 cells were seeded (1x10*
cells/well) in 96-well plates. After overnight incubation, cells were treated with the following
concentrations of pantoprazole (100, 200, 300, 400, 600, 800, 900 puM) or vehicle (0.9% saline)
alone for 12 h and 24 h. Then MTT reagent was added to each well and incubated for 4 h at
37°C. Reduced formazan crystals were then dissolved in acidic iso-propanol and absorbance
was measured at 540 nm on a microtiter ELISA plate reader. All treatment was performed in
triplicate and results were expressed as mean £ SD.

Clonogenic assay was performed by plating C6 cells (100) in a 6 well plate and treated
with different concentrations of pantoprazole or vehicle (0.9% saline) for 12 h. Then cells were
allowed to grow for seven days and stained with 0.5% methylene blue in 50% methanol.
Colonies that contained more than 50 cells were counted (Du et al, 2004). All treatment was
performed in triplicate and results were expressed as mean = SD.

Approximately 2x10° cells/well of C6 cells were cultured onto 12-well plates in RPMI
culture medium and each well was then treated individually with 0.9% saline, 100, 200, 400
and 600 uM of pantoprazole for 24 h. For cell morphological changes examination, cells onto
the plate were directly examined and were photographed under a phase-contrast microscope
(Yuetal, 2011).

5.2.5. DAPI and TUNEL staining for Apoptosis

Approximately 2x10° cells/well of C6 cells were placed in 12-well plates with RPMI
medium as described above for 24 h. Cells were treated individually with 0.9% saline and 400
MM of pantoprazole for 24 h. Cells were stained with 4',6'-diamino-2-phenylendole
dihydrochloride (DAPI, Invitrogen Life Technologies) as described previously (Ji et al, 2012).
The cells were examined under a fluorescence microscope.
An in-situ apoptosis detection kit was used to detect DNA fragmentation in accordance with

the manufacturer’s (TAKARA) procedure. Briefly, C6 cells grown on chamber slides were
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treated with 400 pM pantoprazole for 24 h. The cells were then fixed with 4%
paraformaldehyde for 10 min, and then incubated for 60 min with a reaction mixture containing
biotin—dUTP and terminal deoxynucleotidyl transferase. Fluorescein-conjugated avidin was
applied to the samples, which were then incubated for 30 min. Positively stained fluorescein

labelled cells were photographed using fluorescence microscope.

5.2.6. Flow cytometry analysis

C6 cells were seeded in 6 well plates (1x10° cells/well) and after overnight incubation
cells were treated with pantoprazole (200 uM, 400 uM, 600 uM and 800 uM) or vehicle (0.9%
saline) for 24 h. Cells from each plate were then harvested with trypsin, fixed in 70% ethanol,
stained with propidium iodide (PI) mixture (50 pg/ml PI, 1% triton x 100, 50 pg/ml Rnase A)
and incubated for 20 min in the dark at room temperature. Then, Pl stained cells were subjected
to flow cytometry using a FACS Calibur (BD Biosciences). Cell cycle parameters were

analyzed using Modfit software.

5.2.7. Measurement of Intracellular ROS Generation

Intracellular ROS generation was measured using the DCFHDA (Sigma-Aldrich Corp.,
St. Louis, MO, USA) assay as previously described (Qiao et al, 2004). C6 glioma cells were
plated in 6-well culture plates (1x10° cells/well), and starved for 16 h. Cells were, then, washed
with HEPES-buffered saline (HBS: 135 mM NaCl, 5 mM KCI, 0.62 mM MgSQOs, 1.8 mM
CaCl2, 10 mM HEPES, 6.0 mM glucose, pH 7.4), and treated with different concentrations of
pantoprazole (200 puM, 400 pM, 600 pM and 800 puM) or vehicle (0.9% saline) for 24 h. After
removal of pantoprazole, the cells were washed and incubated in HBS with 100 uM DCFHDA
for additional 30 min. The fluorescence was monitored with excitation (485 nm) and emission

(530 nm) wavelengths using a FACS Calibur (BD Biosciences).

5.2.8. Antioxidant enzyme assay

C6 cells were treated with different concentrations of pantoprazole for 24 h. Later cells
were pelleted down, suspended in PBS and lysed by sonication. Cell lysate was used for
different anti-oxidant enzymatic assays including Catalase assay (Aebi, 1984), GPX assay
(Pagila and
Valentine, 1967), GST assay and Lipid peroxidation assay (Bernheim et al., 1948).
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i. Estimation of Catalase activity

The activity of catalase present in the samples was determined by the decomposition of
H202, which can be monitored at 240 nm.
Reagents
50 mM mixed phosphate buffer, pH 7.0: Prepared by mixing 50 mM potassium dihydrogen
phosphate, and 50 mM disodium hydrogen phosphate, in the ratio of 1: 1.5.
0.5 M KH2PO4— 5 ml make up to 50 ml (50 mM)
0.5 M NaHPO4— 5 ml make up to 50 ml (50 mM)
27.5 ml of 50 MM KH2PO4and 22.5 ml of 50 mM Na,HPO4 were mixed to get mixed phosphate
buffer, pH 7.0.
30 mM H20: in mixed phosphate buffer.
Assay procedure
The assay mixture contained 10 pl of sample and 1 ml of 30 mM H20:.
The change in the O.D was monitored for three minutes at 30 second intervals. The activity of
catalase in the diluted sample is calculated using the first order reaction:

K30 = (2.303/ 30) *log (A1 / A2)

The activity in the sample is expressed as Kso/ mg protein.

ii. Estimation of GPX (glutathione peroxidase) activity

The extent of oxidation of NADPH+H" is taken as the measure of the activity of GPX.
Reagents

50 mM phosphate buffer, pH 7.0 containing 2.5 mM EDTA and 2.5 mM Sodium azide.
10 mM reduced glutathione in distilled water.

2.5mM NADPH in 0.1 % NaHCO3 solution.

1U/assay Glutathione Reductase (GR) in Phosphate buffer.

5 mM H20: in Phosphate buffer.

Preparation of reagents

Phosphate buffer, pH 7.0:

1 M K2HPO4 (Mol.wt-174.18) — 4.35 gms in 25 ml of distilled water

1 M KH2PO4 (Mol.wt-136.08) — 3.4 gms in 25 ml of distilled water

50 ml of phosphate buffer: 3.075 ml of 1M K2HPO4 + 1.925 ml of 1M KH2PO4 were mixed
and 250 pl of 0.5M EDTA was added the final volume was made up to 50 ml.

10 mM Reduced Glutathione (Brown bottle) - keep on ice

1 reaction requires 100 pul of GSH Solution [3 mg in 1ml of water].
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2.5 mM NADPH in 0.1% NaHCO3 solution (Brown bottle) - keep on ice

NADPH mol wt.—833

1 reaction requires 100 ul of NADPH [2 mg in 1 ml of 0.1% NaHCOs3 solution].

1U/assay Glutathione Reductase in Phosphate buffer (Brown bottle) - keep on ice

For one reaction, 1U of GR in 20 ul of phosphate buffer.

5 mM H;O> in Phosphate buffer: 5 ul of 30% H20: in 10 ml of Phosphate buffer.

Procedure:

OD — 340 nm.

Blank- phosphate buffer alone

The reaction mixture contained 660 pl of phosphate buffer, 1U of GR i.e. 20 ul, 100 ul of GSH
solution, 100 ul of NADPH solution and the mixture was incubated for 5 min to allow H20>
free oxidation of NADPH and to obtain a base line at 340 nm. The reaction was started by
adding 10 pl of the sample and 100 pul of H202 and change in the absorbance at 340 nm was

monitored for 5 min at one min intervals.

iii. Estimation of Glutathione-S-transferase activity

GST catalyses the formation of a conjugate between GSH and a variety of substrates. In
this method, 1-chloro-2, 4-dinitrobenzene was used as the substrate. The formation of GSH-
CDNB substrate catalysed by GST is monitored at 340nm and the amount of the conjugate

formed is a measure of the enzyme activity.

Reagents

0.1 M phosphate buffer, pH 6.5.

1 M K2HPO;-4.35 gm/25 ml------- 1.79 ml Make up to 50 ml with DDW
1 M KH2POs-3.4 gm/25 ml--------- 3.21ml j to make 0.1 M K PO4 Buffer

10 mM CDNB in 30% ethanol.
20.2 mg in 1ml of absolute ethanol (100 mM) - 300 ul diluted to 3 ml with 30% ethanol to
make 10 mM CDNB.
10 mM reduced glutathione in distilled water- 9.22 mg in 3 ml of DDW.
Assay procedure

The reaction mixture contained 924 pl of phosphate buffer, 33.3 ul of CDNB solution
and 10 pl of the sample. The reaction was initiated by adding 33.3 pl of GSH solution to the
reaction mixture and the change in the OD was monitored at 340 nm for 5 min. The activity of

the enzyme in the sample is calculated using the following formula:
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GST activity = Abs difference (A D/ min) x 1 x 100(dilution factor)

7.6 x 5 x protein in mg

Activity of GST was expressed as pmoles CDNB-GSH conjugate formed / min / mg protein.

iv. Estimation of Lipid Peroxidation products

MDA formed in the samples is taken as the index for the extent of lipid Peroxidation.
MDA is a highly reactive 3C dialdehyde produced from lipid hydroperoxides. It is measured
by the TBA test.
Reagents
0.33% TBA- 200 mg of TBA is dissolved in 30 ml of distilled water and 30 ml of glacial acetic
acid. The solution is mixed well to completely dissolve the TBA. The solution is prepared
freshly in an amber colored bottle to protect from light.
-- 250 pl per reaction
10% Trichloro acetic acid in distilled water (10 gm in 100 ml)
Procedure
Preparation of TCA precipitates:
To 0.5 ml of sample 0.5 ml of normal saline and 1 ml of 10% TCA were added, and the solution
mixed well and centrifuged at 5000 rpm for 10 minutes. The supernatant was used for the
estimation of lipid peroxides.
Assay
1 ml supernatant + 0.25 ml of TBA

Mixed well in a tight capped tube and boiled for at 95°C.

The tubes were then cooled immediately under running water.

Color developed was measured at 532 nm in a UV-visible spectrophotometer.
Standard: 1, 1, 3, 3-tetraethoxy propane (TEP) was used as standard.

Results were expressed as nanomoles of MDA/ mg protein.

5.2.9. Measurement of mitochondrial membrane potential
The cationic fluorochrome rhodamine 123 (R123) (Sigma-Aldrich Corp., St. Louis,
MO, USA), which binds specifically to mitochondria of living cells (Darzynkiewicz et al,

1982) was used to measure mitochondrial membrane potential (A¥Ym) after pantoprazole
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treatment. Briefly, C6 glioma cells were cultured in 6-well plates (1x10° cells/well), and treated
with different concentrations of pantoprazole (200 uM, 400 uM, 600 uM and 800 uM) or
vehicle (0.9% saline) for 24 h. After treatment, the cells were washed and incubated with
10pg/ml rhodamine 123 for additional 30 min. The fluorescence was monitored by flow
cytometry using a FACS Calibur (BD Biosciences).

5.2.10. Western blotting

Cytosolic and nuclear fractions were performed as reported elsewhere (Sareddy et al,
2012). Briefly, C6 cells were pre-treated with different concentrations of pantoprazole and
stimulated with TNF-a (10 ng/ml) for 30 min. Cells were then harvested and washed in ice-
cold PBS, lysed in 400 pl cold buffer A (HEPES 10 mmol/l (pH 7.9), KCI 10 mmol/ |, EDTA
1 mmol/l, phenylmethanesulfonyl fluoride (PMSF) 1 mmol/l, EGTA 1 mmol/l, dithiothreitol
(DTT) 1 mmol/l, aprotinin 1 mg/l, leupeptin 1 mg/l, and pepstatin A 1 mg/l). After 15 min
incubation on ice, 0.1% NP-40 was added to the lysates and the tubes were vigorously rocked
for 1 min and centrifuged (20,800xg for 5 min) at 4°C. The supernatant was collected as
cytosolic fraction. Nuclear pellets were then washed with cold buffer A, then resuspended in
50 ul cold buffer B (HEPES 20 mmol/l (pH 7.9), NaCl 420 mmol/l, edetic acid 0.1 mmol/l,
egtazic acid 0.1 mmol/l, PMSF 1 mmol/l, DTT 1 mmol/l, aprotinin 1 mg/l, leupeptin 1 mg/I
and pepstatin A 1 mg/l) and vigorously rocked for 30 min at 4°C followed by centrifugation at
20,800g for 5 min and the supernatant was collected as the nuclear fraction.

50 pg proteins were electrophoretically separated through 10% and 12%
polyacrylamide gels containing 0.1% SDS in running buffer (25 mM Tris base, 190 mM L-
glycine, 1% SDS). Proteins were electrotransferred to polyvinylidene difluoride membranes in
transfer buffer (20 mM Tris base, 150 mM L-glycine, 10% methanol, 0.01% SDS) for 2 h at
200 mA. Membranes were blocked for 1 h at room temperature in PBST containing 1% bovine
serum albumin and were incubated overnight at 4°C with primary antibodies in the same buffer.
Membranes were then washed with PBST three times for 5 min, incubated for 30-60 min at
room temperature with respective horseradish peroxidase-conjugated secondary antibody and
then washed again with PBST twice for 30 min. Signal detection was accomplished by using

chemiluminescence (ECL) kit (Amersham, les Ulis, France).

5.2.11. Immunofluorescence staining
Cells were grown on glass coverslips (approximately 2x10° cells per coverslip) and
were treated with 400 uM, 600 puM pantoprazole or vehicle (0.9% saline) for 24 h, the cells
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were then stimulated with TNF-a (10 ng/ml) for 30 min and washed with Hank’s balanced salt
solution followed by fixation in 4% paraformaldehyde for 15 min at room temperature. Fixed
cells were washed with PBS and permeabilised with cold (-20°C) acetone for 1 min. After
washing with PBS, cells were incubated with p65 primary antibody for 1h at room temperature.
After three washes with PBS, cells were incubated with anti-FITC-conjugated rabbit secondary
antibody for 1 h at room temperature. Cells were washed thrice in PBS and cover slips were
mounted with Vecta Shield mounting medium and fluorescence was captured under a Leica

confocal microscope.

5.2.12. Transient transfection and luciferase assays

To examine the effect of pantoprazole on TNF-a-induced NF-«B reporter activity, C6
cells were seeded in 24 well plates and transiently transfected with 1ug of pNF-kB-MetLuc2-
reporter, 1ug of pMetLuc2-Control, and 0.5 pg pRL-TK (for normalization of transfection
efficiency) vectors by use of lipofectamine2000. After 6h, cells were treated with pantoprazole
(200 pM, 400 pM, 600 uM, 800 uM and 1000 puM) or vehicle (0.9% saline) for 24h followed
by TNF-a (10 ng/ml) treatment. The cell-culture medium was harvested after 24h and subjected
to metridia luciferase activity in accordance with the manufacturer’s procedure (Clontech,
USA). For renilla luciferase activity cells were lysed in passive lysis buffer and the luciferase
activity was measured with a luminometer (Promega, Madison, W1, USA). NF-kB metridia
luciferase activity was normalized to renilla luciferase values. Each transfection was conducted

in triplicate and each experiment was repeated 3 times.

5.2.13. Statistical analysis

All experiments were repeated at least thrice and the representative data are shown in
here. All data are presented as mean + standard deviation (SD). The difference between two
groups was evaluated using Student’s t test. Significant difference among three or more groups
was determined by one-way ANOVA with a post hoc analysis (Turkey test). P <0.05 was
considered statistically significant.

5.3. Results

5.3.1. Pantoprazole inhibits GBM cell proliferation in dose and time dependent manner
Effect of pantoprazole on C6, U87, U373 and T98G cell viability was examined
quantitatively using MTT assay. Pantoprazole significantly reduced the proliferation of GBM

cells in dose and time dependent manner (Fig. 5.1a). Approximately 50% of cells died at a
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concentration of 400 uM pantoprazole after 24 h. C6 cells treated with different concentrations
of pantoprazole were examined under bright field microscope. As shown in fig. 5.1b saline
treated or control C6 cells were intact and normal with smooth surface membranes. In contrast
C6 cells treated with pantoprazole exhibited shrunken morphological feature. To further
characterize the effect of pantoprazole on cell proliferation, clonogenic assay was performed.
Vehicle treated cells attained 100% cloning efficiency, whereas pantoprazole inhibited the
colony forming ability of C6 cells effectively at 400 uM (~ 45%), 600 UM (~ 15%) and 800
MM (~ 5%) (Fig. 5.2). Altogether, these experiments demonstrate that pantoprazole inhibited

C6 glioma cell proliferation.
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Fig. 5.1. Effect of pantoprazole (PPZ) on growth of C6 cells. (a) C6, U87, U373 and T98G
cells were treated with vehicle (0.9% saline) or the specified concentrations of pantoprazole

for 12 h & 24 h and subjected to MTT assay. This data is representative of three independent
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experiments. (b) C6 cells were treated with vehicle (0.9% saline) or the indicated
concentrations of pantoprazole for 24 h. The bright field images were taken at 40X. This data

IS representative of three independent experiments.
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Fig. 5.2. Effect of pantoprazole on cloning efficiency. C6 cells (100) were plated in each well
of 6 well plate and after 12 h cells were treated with vehicle (0.9% saline) or indicated
concentrations of pantoprazole for 12 h. After four days colonies were stained with methylene

blue and colonies that contained >50 cells were counted. The results are expressed as
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percentage of control. Each bar represented is the mean x SD of three independent experiments.

*Statistically significant at p < 0.05 in comparison to control.

5.3.2. Pantoprazole alters cell cycle and induces apoptosis in C6 glioma cells

Uncontrolled cell cycle is one of the prominent characteristics of GBM cells. To
ascertain the effect of pantoprazole on cell cycle distribution, C6 cells were treated with
pantoprazole for 24 h followed by staining with P1 and subjected to FACS analysis. Pl stained
cells show DNA profile representing cells in G1 phase, S phase and G2M phase with apoptotic
cells being represented by sub GO/G1 phase. Pantoprazole increased the sub GO/G1 cell
population at the expense of other cell cycle phases, suggesting that pantoprazole arrested cell
cycle at sub GO/G1 phase (Fig. 5.3).To determine whether pantoprazole induces apoptotic cell
death, extent of nuclear and DNA fragmentation was determined by DAPI and TdT-mediated
dUTP biotin nick end labelling (TUNEL) staining respectively. DNA and nuclear
fragmentation represent the characteristic hallmark of apoptosis. Vehicle (0.9% saline) treated
cells had round and smooth nuclei, while pantoprazole treated cells showed uneven and severed
nuclei (Fig. 5.4a). To further confirm the PPZ induced DNA fragmentation TUNEL assay was
performed. C6 cells treated with 400 uM (~ 65%) PPZ were TUNEL positive marked with
higher FITC fluorescent intensity with a green coloured nuclei under fluorescence microscope
compared with vehicle (0.9 % saline) treated cells (< 5%) (Fig. 5.4b).
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Fig. 5.3. Effect of pantoprazole (PPZ) on cell cycle distribution. C6 cells were treated with
indicated concentrations of pantoprazole for 24 h, fixed in 70% cold ethanol followed by PI
staining to analyze DNA content by flow cytometry. Treatment with Pantoprazole induced

accumulation of C6 cells in sub GO/G1 phase indicative of apoptosis.

Page | 120



Chapter 5

400 pM

b)

MERGE

Saline treated

400 pM PPZ

Fig. 5.4. Pantoprazole induces nuclear fragmentation and TUNEL positivity. (a) C6 cells
were treated with vehicle (0.9% saline) and 400 uM pantoprazole for 24 h, thereafter apoptotic
nuclear morphology was assessed using DAPI. Morphological features were visualised using
fluorescence microscopy. Original magnification 40X. (b) C6 cells were seeded in chamber
slides and treated with vehicle (0.9% saline) or the indicated concentrations of pantoprazole

for 24 h. TUNEL positive cells were visualised using fluorescence microscope.

5.3.3. Pantoprazole treatment leads to loss of mitochondrial membrane potential (Aym)
with increased caspase-3, caspase-8 and PARP cleavage

To better understand whether mitochondrial mediated apoptosis is involved, we studied
the effect of pantoprazole on Aym in C6 glioma cells using rhodamine- 123. The retention of

fluorescent probe rhodamine- 123 is proportional to mitochondrial membrane potential. In our
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study, it was observed that 24 h treatment of C6 cells with different pantoprazole concentrations
caused significant decrease in membrane potential compared with incubation in control
medium having 0.9% saline (Fig. 5.5). Quantitative analysis of the fluorescence intensity in C6
glioma cells showed pantoprazole induced dose dependent increase in loss of mitochondrial
membrane potential (Aym) (n = 3, P <0.05). To further confirm whether the cell death was
apoptotic, whole cell lysate was subjected to western blotting to identify anti-apoptotic proteins
like Bcl-2, Bcl-XL and pro-apoptotic proteins BAX, t-Bid, cytochrome-C, caspase-8, cleaved
caspase-3, PARP and p53. As shown in fig. 5.6, pantoprazole treatment significantly decreased
the anti-apoptotic protein level with simultaneous increase in the pro-apoptotic protein levels
in dose dependent manner. These results suggest that pantoprazole induced caspase dependent

apoptotic cell death in C6 glioma cells.
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Fig. 5.5. Loss of mitochondrial membrane potential (4wm) in pantoprazole (PPZ) treated
C6 cells. Briefly, C6 cells were treated with specified concentration of pantoprazole for 24 h
at 37°C and stained with rhodamine123 to mark intact mitochondria. 10,000 cells were
analysed by flow cytometry. Data are the average of three independent experiments and

expressed as mean = SD. *, significant difference (p <0.05) compared to control.
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Fig. 5.6. Alteration of apoptotic components in pantoprazole (PPZ) treated C6 cells.
Immunoblots of apoptosis related proteins in pantoprazole treated C6 cells. C6 cells were
treated with increasing concentrations of pantoprazole for 24 h at 37°C. Whole cell lysates were
prepared, separated by SDS PAGE and transferred onto nitro cellulose membrane followed by
immunoblotting with Bcl-2, Bcl-XL, BAX, t-Bid, cytochrome-c, pro-caspase-8, cleaved
caspase-3, PARP and p53. GAPDH and B-tubulin served as loading control.

5.3.4. Higher concentrations of pantoprazole treatment lead to increased production of
reactive oxygen species (ROS)

DCFHDA is a nonpolar compound that readily diffuses into cells, where it is
hydrolysed to the nonfluorescent polar derivative DCFH and thereby is trapped within the cells
(Bass et al, 1983). In the presence of a proper oxidant, DCFH is oxidized to the highly
fluorescent 2°, 7’-dichlorofluorescein (DCF). We detected significant increase in the ROS
production upon pantoprazole treatment in C6 glioma cells within 24 h incubation compared
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with control cells treated with 0.9% saline (Fig. 5.7). Quantitative analysis of the fluorescence
intensity in C6 glioma cells showed that pantoprazole induced significant increase in ROS at
600 uM and 800 uM compared to control (n = 3, P <0.05).
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Fig. 5.7. Effect of pantoprazole (PPZ) on reactive oxygen species (ROS). C6 cells were
treated with increasing concentrations of pantoprazole for 24 h at 37°C. Later cells were stained
with H2DCFDA for 30 min in growth conditions and cells were analysed by flow cytometry.
Values are given as the means + SD of three independent experiments. The significance was

determined by Student’s t test. *P < 0.05 compared with control.

5.3.5. Pantoprazole modulates anti-oxidant enzyme activity

Pantoprazole was able to act as ROS scavenger by modulating the expression level of
antioxidant enzyme levels. Pantoprazole treatment lead to the increased activity of antioxidant
defence mechanism of Catalase, GPX and GST. Simultaneously, amount of lipid peroxidation

decreased with increase in concentration of pantoprazole treatment (Fig. 5.8).
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Fig. 5.8. Effect of pantoprazole on anti-oxidant enzyme activity. C6 cells were treated with
vehicle (0.9% saline) or indicated concentrations of pantoprazole for 24 h and cells were
processed to check activity of anti-oxidants like catalase, GST, GPX and amount of lipid
peroxidation. All data presented are the mean + SD and are representative of three independent
experiments. The significance was determined by a Student’s t test. *P < 0.05 compared with

control.

5.3.6. Pantoprazole inhibits TNF-a induced NF-kB translocation by suppressing
phosphorylation and degradation of IkBa.

To characterize the effect of pantoprazole on the TNF-o induced nuclear translocation
of NF-xB, C6 cells were treated with pantoprazole followed by analysis of cytosolic and
nuclear levels of p65. The cytosolic p65 levels (Fig. 5.9) were significantly increased with

decreased nuclear translocation (Fig. 5.9) following pantoprazole treatment and TNFa
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stimulation compared to vehicle treated cells in a dose dependent manner. The translocation of
NF-xB is tightly regulated by the phosphorylation, ubiquitination, and proteolytic degradation
of IxkBa. To determine the effect of pantoprazole on phosphorylation and degradation of IkBa,
we checked total cytoplasmic IkBa and phosphorylated IkBa levels. In TNF-a stimulated cells
pantoprazole treatment significantly reduced IKKa levels, increased the total IkBa levels. In
contrast phosphorylated IkBa levels decreased in dose dependent manner (Fig. 5.9). To
confirm inhibition of nuclear translocation of p65, C6 cells were treated with 400 uM
pantoprazole, stimulated with TNFa and subjected to immunofluorescence analysis. In vehicle
(0.9% saline) treated C6 cells, we observed nuclear localization of p65 following TNFa
stimulation in C6 cells, where as in pantoprazole treated cells p65 was localized mainly in the
cytosol (Fig. 5.10). Similarly, 350 pM pantoprazole was able to inhibit the nuclear
translocation of p65 in TNFa stimulated U373 cell line compared to vehicle treatment (Fig.
5.11).

Pantoprazole (uM) 0 200 400 600 800
TNFa (10 ng/ml) + + - + +

_ —
(]
E -
=}
=] i
:
. s e Saame S GAPDH

po6s

Lamin-b

Nuclear
fraction

Fig. 5.9. Effect of pantoprazole (PPZ) on TNF-a induced nuclear translocation of p65. C6
cells were plated in 100-mm dishes and treated with vehicle (0.9% saline) or indicated
concentrations of pantoprazole for 24 h followed by TNF-a (10 ng/ml) stimulation for 30 min.

Cytoplasmic and nuclear extracts were prepared from treated C6 cells and subjected to
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immunoblotting with p65, plkBa, IkBo and IKKa. GAPDH and Lamin-b were used as loading
controls for cytoplasmic and nuclear fractions, respectively. The blots are representative of

three independent experiments.
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Fig. 5.10. Effect of pantoprazole on p65 localisation in C6 cells. C6 cells were plated onto
coverslips in 24 well plates and treated with vehicle (0.9% saline) or indicated concentrations
of pantoprazole for 24 h followed by TNF-a (10 ng/ml) stimulation for 30 min. Cells were then
fixed with 4% paraformaldehyde and incubated with p65 primary antibody and anti-FITC
secondary antibodies for 1 h at room temperature. Fluorescence was captured under a Leica

confocal microscope. DAPI was used to visualize the nuclei.
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Fig. 5.11. Effect of pantoprazole on p65 localisation in U373 cells. U373 cells were plated
onto coverslips in 24 well plates and treated with vehicle (0.9% saline) or indicated
concentrations of pantoprazole for 24 h followed by TNF-a (10 ng/ml) stimulation for 30 min.
Cells were then fixed with 4% paraformaldehyde and incubated with p65 primary antibody and
anti-FITC secondary antibodies for 1 h at room temperature. Fluorescence was captured under

a Leica confocal microscope. DAPI was used to visualize the nuclei.

5.3.7. Pantoprazole down-regulates NF-kB reporter gene expression with decreased
expression of NF-kB target genes

After the release of p50/p65 complex from [kBa, NF-kB gets translocated into nucleus
and binds to gene specific promoter to transcribe the genes. In order to study the effect of
pantoprazole on NF-«B activation, C6 cells were briefly transfected with pNF-kB-MetLuc2-

Reporter, and pRL-TK (for normalization of transfection efficiency) plasmids, and treated with
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pantoprazole followed by TNFa stimulation. Pantoprazole was able to hamper NF-«xB reporter
gene activity in dose dependent manner (Fig. 5.12a). These results evidently demonstrate that
pantoprazole repressed NF-kB dependent reporter gene expression by hindering the
degradation and phosphorylation of IkBa. Since, COX-2, INOS and cyclin-D1 are NF-xB
regulated genes, we further investigated the expression levels of these genes. Pantoprazole
significantly reduced the expression of these NF-kB target genes in dose dependent manner
(Fig. 5.12b).
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Fig. 5.12. Effect of pantoprazole (PPZ) on NF-kB dependent reporter gene expression and

its target genes. (a) NF-«xB reporter activity is enhanced substantially after TNF-o stimulation
and this enhanced reporter activity is potentially inhibited by pantoprazole in a concentration-
dependent manner. The metridia luciferase activity was normalized against renilla luciferase
activities. Data expressed as mean + SD and are representative of three independent

experiments. *P<0.05, compared with control. (b) Decreased expression of NF-kB target genes
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Cox-2, iINOS, Cyclin D1 observed with increase in the concentration of PPZ. 3- tubulin served

as internal control.

5.4. Discussion

Regulation of intra and extra cellular pH is of utmost important for healthy functioning
of the cells, in particular for the survival of cancer cells as these cells live in most ischemic
conditions with low extra cellular pH (Stubbs et al, 1999). The cause of tumor acidification is
aerobic glycolysis. The acidic metabolites formed during aerobic glycolysis are expelled out
into the tumor environment lowering the extracellular pH compared to intracellular pH levels
(Helmlinger et al, 1997). The main player of tumor acidification in cancer cells is H+-ATPase
(v-ATPase) of plasma membrane, the bicarbonate transporter, and the proton-lactate symporter
(Finbow and Harrison, 1997). One of the major hypotheses for resistance of cancer cells to
cytotoxic drugs is acidification of tumor environment (Izumi et al, 2003). This mechanism is
explained in two ways (a) neutralization of weak base anti-tumor drugs in acidified tumor
environment (b) sequestering the anti-tumor drugs in acidic vesicles and eliminating them from
cells through exocytosis pathway. Recent observations in different studies have pointed out
that chemo resistant cancer cells can be sensitized to anti-tumor drugs by modulating the
activity of H-ATPase (v-ATPase). Luciani F et al, reported that pre-treatment of chemo-
resistant melanoma and adenocarcinoma cells with PPI made susceptible to various anti-tumor
drugs like cisplatin, 5-FU and vinblastine (Luciani et al, 2004). Cheng M et al, proved that
pantoprazole pre-treatment boosts the cytotoxic effects of chemo-therapeutic drugs on
SGC7901 and inverses MDR of SGC7901/ADR by alleviating the V-ATPases/mTOR/HIF-
1o/P-gp and MRP1 signaling pathway (Chen et al, 2012).

Recent studies have indicated that PPIs are able to induce cell death by modulating
various growth promoting and inhibitor molecules or pathways. Omeprazole, one of the PPIs
was able to modulate lysosomal transport pathway and autophagy activity in pancreatic cancer
cell line and predispose the cells to apoptosis (Andrej et al, 2011). In similar way pantoprazole
was able to induce apoptosis in gastric cancer cells by inhibiting MAP kinases (in particular
ERK and JNK molecules) projecting it as possible anti-cancer drug. But non-cancerous gastric
mucosal cells were resistant to apoptotic cell death induced by pantoprazole by over expressing
anti-apoptotic molecules HSP70 and HSP27 (Yeo et al, 2008). The pro-apoptotic activity of

pantoprazole was also confirmed in B-cell lymphoma SCID mouse and B-cell tumor cell lines
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by altering the pH gradient, increasing the ROS production and depolarization of mitochondrial
membrane potential (De Milito et al, 2007). Since these drugs against V- H+-ATPase were able
to induce cell death in cancer cells without affecting the non-cancerous cells, this feature
validate them as potential anti-tumor drugs. Besides, these PPIs need acidic environment to get
activated and these active forms get accumulated in acidic compartments resulting in induction

of significant apoptosis.

These observations made us to investigate whether these PPI’s in particular
pantoprazole could show a similar pattern of growth inhibition in C6 glioma cell line. In our
study we found that pantoprazole has significant anti-proliferative activity. MTT assay and
clonogenic assay revealed that pantoprazole was able to inhibit cell viability in dose and time
dependent manner. Further, pantoprazole treatment led to arrest of C6 cells in sub GO/G1 phase
of cell cycle which is indicative of cell death and altered cellular and nuclear morphology with
increase in TUNEL positive cells. Interestingly, we observed tBID (a processed form of full
length BID that translocates from cytosol to mitochondria) after pantoprazole treatment with
concomitant increase in the expression of pro-apoptotic BAX, which might have caused Aym
and increase in cytochrome c levels observed in the current study. Increased expression of pro-
caspase-8 that facilitates the processing of BID into tBID further supports the notion.
Processing of caspase-3 and PARP, which is indicative of apoptotic process initiated from
mitochondria, is also consistent after treatment in C6 glioma cell line. It has been reported
previously that Aym may be induced by ROS (Reactive Oxygen Species) generation
(Kowaltowski and Vercesi, 1999). In our study we found elevated levels of ROS upon
treatment with pantoprazole and it correlated with depolarization of mitochondrial membrane
(Aym) in dose dependent manner. ROS levels were found to be increased significantly at higher
concentrations of pantoprazole. At lower concentrations of pantoprazole treatment there was
increased activity of anti-oxidant enzymes like catalase, GST, GPX with simultaneous decrease

in the lipid peroxidation, thereby protecting C6 cells from ROS induced toxicity.

NF-«xB signaling pathway is an important transcription factor for induction of genes responsible
for uninterrupted cell proliferation and invasion of cancer cells (Luo et al, 2005). Previous
reports suggest that acidic pH favours the expression of VEGF-C in melanoma cells through
NF-xB transcription factor and a proton pump inhibitor omeprazole was able to prevent the
expression of VEGF-C interfering with NF-kB signaling pathway (Peppicelli et al, 2013).
However, no reports demonstrated the effects of pantoprazole on NF-kB pathway in
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glioblastoma. Many of the anti-tumor drugs show anti-carcinogenic property via inhibition of
NF-kB pathway. Here we hypothesize that pantoprazole inhibit C6 glioma cell proliferation by
inhibiting NF-xB activation. We evaluated the inhibitory effect of pantoprazole on IkBa
phosphorylation and degradation, NF-kB nuclear translocation, NF-kB reporter activity and
expression of its target gene. Our results showed that pantoprazole was able to repress TNF-o
induced NF-«B activation, nuclear translocation and reporter gene expression via inhibiting
IKKa expression, IkBo phosphorylation and degradation. Tanigawa et al, showed that
lansoprazole, a proton pump inhibitor suppressed the production of pro-inflammatory
cytokines by human monocytic cells stimulated by bacterial components like LPS and HpWE
(Tanigawa et al, 2009), indicating anti-inflammatory role of proton pump inhibitor. Our results
indicated that pantoprazole repressed the expression of NF-kB regulated inflammatory
mediators COX-2, iNOS and cell cycle promoter cyclin-D1 in dose dependent manner which

are over-expressed in glioma.

5.5. Conclusion

In conclusion, our results suggest that pantoprazole inhibits C6 glioma cell
proliferation and induces apoptosis relatively by subduing the NF-xB signaling. Pantoprazole
is widely used in clinical practice for treatment of peptic ulcers and reflux esophagitis. Our
observations indicate that pantoprazole might play a vital role in controlling glioma progression
via regulating the apoptotic pathways. Consistent with its cost effective, lower toxicity and

higher efficacy it is possible to extend its clinical application to glioma also.
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Glioma is the most destructive and intractable brain tumor developed by abnormal and
uncontrolled cell division/proliferation of glial cells of the brain. They are more common in
adults compared to children and incidence rate is high in males than females. After diagnosis
patients are subjected to standard care therapy which consists of surgery followed by radiation
and chemotherapy. Further, advancement in understanding molecular pathogenesis of these
tumors has led to development of novel drugs targeting molecules and signaling pathways
involved in gliomagenesis and progression. To certain extent this has helped in effective
treatment and improved outcome of patient compared with current standard therapies. In spite
of aggressive therapy, overall survival period of glioma patients has not much improved much
over the past few decades.

Current treatment approach for glioma patients is hindered by major limitations at various
levels like histopathological differentiation of low grade tumors, extent of therapy to which the
patient should be subjected and resistance to chemotherapy and radiotherapy. These
confinements can be overcome partially by identifying proper diagnostic and prognostic
markers and finding drugs which can overcome resistance posed by the tumor. Following are
the major limitations of existing glioma therapy.

1. Though pilocytic and diffuse astrocytomas are low grade tumors, distinguishing
between them is a major problem confronted by pathologists since both the tumors
exhibit common features like increased cellular and nuclear pleomorphism. Besides
there is no efficient immuno-histochemical marker to differentiate them and thus
differential diagnosis between them is subjective.

2. Management of glioma employs aggressive treatment approaches like postoperative
radiation therapy and chemotherapy. But these approaches do not benefit all the patients
similarly. Hostile side effects associated with this kind of treatment further declines
quality of life. Therefore personalised treatment has become very important and plays
a vital role in brain tumor management. Prognosis plays a vital role in patient
management and trail design. Prognostic biomarker identifies important risk factors and
their effects and help neuro-oncologists to identify patient and tumor specific factors
that can be used to select maximum effective therapy and minimize treatment related
adverse side effects. Even though current treatment for glioma is highly customised,
but variations in the treatment plans between patients with same histology are based

mainly on tumor location or patient specific factors, instead of biological differences
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between tumors. Therefore, finding molecular events responsible for the biological
differences in tumors may enhance the benefits of therapy along with personalised
therapeutic involvement for glioma patients.

3. Controlling the glioma cell survival and proliferation is the key for long term survival
of the glioma patients. Thus it is very much in need to target glioma cell growth

promoting pathways and overcome chemo-resistance to provide a survival benefit.

Considering these lacunae in glioma treatment we undertook this study to address serious
clinical problems faced in treatment, with the clear intention to find possible diagnostic marker
to distinguish between low grade tumors, identifying a prognostic factor for glioma patient
management and trail design and drugs targeting the survival pathways and chemo-resistance
posed by glioma.

Salient findings:

v' We demonstrate that there is a differential expression of Wnt pathway components -
catenin, Lefl, Tcf4 and c-Myc in pilocytic and diffuse astrocytoma. Therefore
differential expression of these molecules might help in distinguishing pilocytic
astrocytoma from diffuse astrocytoma.

v" Our data provides convincing evidence that deregulated expression of cell polarity
genes is associated with astrocytoma progression. Besides reduced expression of
hSCRIB at gene and protein levels is associated with poor outcome in astrocytoma
patients. h\SCRIB might play an inhibitive role during the development of astrocytoma
and may be a potential prognosis predictor of astrocytoma.

v" Using ENU induced rat glioma model we found that JNK pathway is involved in ENU
induced glioma progression and JNK might be an attractive target for therapeutic
depletion of glioma.

v We found that pantoprazole a proton pump inhibitor was able to inhibit the survival of
glioma cell line via induction of mitochondrial pathway mediated apoptosis and

inhibition of p65 translocation from cytosol to nucleus.
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