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Abstract

The most prevalent and aggressive subtype of intrinsic brain tumors in adults
is high grade glioma also called glioblastoma (GBM), which presents a consider-
able barrier for pharmacological treatment. Even with improvements in surgery,
chemotherapy, and radiation, the prognosis for GBM is still dismal, and with a
poor survival rate. A thorough investigation employing genomic, transcriptomic,
and epigenetic profiling was carried out to address this issue in order to com-
prehend the molecular pathways and uncover novel therapeutic approaches for
GBM. A pharmacogenomics strategy was used in the current study to profile the
distinct inflammatory gene expression and in vitro medication responsiveness in
high-grade gliomas.In the study cohort over 70 glioma patients were selected and
55 of them were scrutinized on the basis of glioma grades .These patients were
then divided into two groups(GFAP-Positive and GFAP-Negative) to explore the
cellular and molecular diversity of these tumours. Genome-scale mRNA expression
data from 55 studies were merged, including samples from ”Tumour Associated

Normal Tissue” (TANT) and GBM.

Chemokines, which are well-known for their involvement in several kinds of bio-
logical functions,pharmacological functions and pathological circumstances were
investigated for their possible role in gliomagenesis. The study emphasised the
importance of cytokines and chemotactic substances in the development, angio-
genesis, and immune suppression of the both GFAP-Positive and GFAP-Negative
glioma groups. In the current study, 11 inflammatory genes (IL-8, IL-153, IL-6,
IL-10, TNF-a, NF-kB p65 (RelA), TGFBI1, IL1ra,GCSF,GCSFR and STAT3),
have been revealed to stimulate angiogenesis and resist apoptosis in high grade

gliomas.

Celecoxib’s impact was also evaluated in terms of effectiveness by Inhibition of
cellular growth, decreased the expression of TNFa and NF-xB p65 (RelA), and
reduction in the viability of the human glioblastoma cell line SF-767 in a dose-
dependent manner. The DriverDBV3 database was used to identify driver genes

and TGFB1 mutations, highlighting the substantial transcriptional and genomic
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heterogeneity of GBM with a focus on 20 clinically significant driver genes linked to
several cellular pathways. The research also clarified how neutrophils and tumor-
associated macrophages (TAMs) contribute to the development of an inflamma-
tory and immunosuppressive state that is mediated by cytokines/chemokines. The
results were verified using a thorough integrated analysis of transcriptome and pro-
teomic profiling, which also involved retrieving information on the RNA sequences
of Glioblastoma multiforme from databases maintained by Genome Atlas. Path-

way enrichment analysis identified disease-related pathways,e.g, the activation of

the JAK/STAT pathway, linked to the progression of GBM.

Additionally, GCSF was the target of ”computational docking” investigation utilis-
ing the prospective therapeutic candidate Nisin, and the outcomes were validated
by invitro analysis, using cytotoxic activity experiments in the human glioblas-
toma cell line SF-767. The thorough investigation showed that GCSF accelerates
the development of gliomas, and their blockage by anticancer bacteriocin peptide

Nisin may prevent glioblastoma growth and spread.

The multi-parametric methodology of the current study, which included genomic,
transcriptomic, and longitudinal profiling of high-grade gliomas enabled the dis-
covery of significant axis in GBM. The importance of inflammatory hub genes
in the development of GBM was further emphasised by gene ontology analysis,
database mining, and immunohistochemical confirmation. According to a survival
analysis using TCGA GBM data, these strong differentially expressed genes have

a significant impact on the prognosis of GBM.

In conclusion, an integrated personalised approach to the profiling of gliomas at
various genetic and functional levels offers useful information for pharmacogenomic
subgrouping of patients and the creation of tailored treatment plans. In order to
identify therapeutic alternatives for particular glioma subpopulations, the study

bridges the gap between genetics and functional characteristics.
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Chapter 1

Introduction

1.1 Study Background

Cancer describes a group of diseases categorized by abnormal and uncontrollable
cell proliferation that has the potential to infiltrate or spread to other parts of the
body. It creates a multi-step process that leads to the accumulation of numerous
genetic changes [1]. In 2016, approximately 7,046 neuro neoplasms were registered
with 459 benign and 6,587 malignant cancers. Around 19.3 million new cancer
cases and more than 10 million cancer deaths have been reported in 2020 [2].
According to Pakistan Health Research Council, more than 148,000 new cancer
cases are reported each year, and over 100,000 people die from cancer. In Pakistan,

brain cancers account for only 2% of all cancer-related deaths [3].

Brain cancers encompass more than a hundred histological sub-groups [4, 5].
Most prevalent brain tumors are gliomas, pituitary adenomas, medulloblastomas,
meningiomas ependymomas, schwannomas and central nervous system (CNS) lym-
phomas. Among them, the most common CNS tumor is glioma, which accounts
for 33 percent of all brain tumors [6]. The most prevalent and deadliest brain
cancers are the malignant gliomas which originated in the glial cells such as Astro-
cytes, Oligodendrocytes, and Ependymal cells. These cells regulate and maintain

neurons in the brain. Glioma is the most prevalent primary brain cancer with

1
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a pathophysiology that is mostly unclear, while complex genetic anomalies are

considered to play role in disease progression.

The diagnosis of CNS tumors has been improved by the 2016 World Health Or-
ganization (WHO) classification system that uses molecular information [7]. This
system differentiates Low Grade and High Grade glioma subcategories based on if
they have mutations in Isocitrate -Dehydrogenase 1 (IDH-1) and the co-deletion
of chromosome arms 1p and 19q [8]. However, there is still variability within
these subtypes and within each tumor, with different cell populations that have
diverse mutations and expression profiles, their malignancy behavior might gets
influenced [9]. The detection of more molecular markers of these cell populations

could increase the diagnostic precision.

However, there is still variability within these subtypes and within each tumor,
with different cell populations that have diverse mutations and expression profiles,
their malignancy behavior might gets influenced. The detection of more molecu-
lar markers of these cell populations could increase the diagnostic precision. The
standards of life of glioma sufferers are influenced by sign and symptoms such as
endocrinopathy, edema, fatigue, convulsions, and psychiatric illnesses. Accord-
ing to the National Comprehensive Cancer Network Clinical Practice Guidelines
version 3 [10, 11]. The current recommended course of standard treatment for ma-
lignant gliomas consists of adjuvant temozolomide chemotherapy, radiation, and
maximum surgical resection. The main procedure for surgical guidance is CT/MRI
(Computed Tomography /Magnetic Resonance Imaging) (CT/MRI). The diagnosis
also depends on the histopathologic and molecular/genetic analysis of gliomas. In
South Asian region, Pakistan has the highest incidence of all kinds of gliomas [12].
Previous literature has reported with a median survival time of approximately
11 months, 9% of glioma patients with 2-year survival rate, and no survivors at
3 years in a previous phase I/II trial, glioblastoma (GBM) has emerged as the
most common and malignant Grade- IV Astrocytoma, accounting for 14.5% of all

central nervous system tumors [13].

Dehydrogenase (IDH) mutations and 1p/19q codeletion are two modern genetic

markers that have been used for molecular pathological diagnosis, clinical care,
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and prognosis evaluation [14, 15]. Despite the efforts of numerous researchers,
only few therapeutic techniques have been evolved which target these markers
[16]. Therefore, there is a need to discover new biomarkers which can effectively
predict clinical prognosis, therapeutic responses, enhanced sensitivity, precision
and reduced costs for glioma, especially glioblastoma (GBM). Recent research
has highlighted the critical role of the host inflammatory response in cancer de-
velopment and prognostics [17]. One of the characteristics of cancer has been
associated with inflammation. Tumor progression, angiogenesis, and metastasis
are all correlated with inflammation [18, 19]. According to estimates, 15 - 20% of
all cancer-related deaths occur as a result of infections or inflammatory reactions
[20]. The ongoing, uncontrolled localised and systemic inflammatory responses
brought by tissue destruction may have a role in the onset and progression of
cancer [21]. Sufficient literature evidence suggests the linkage of Inflammation
and cancer pathogenesis, and these studies demonstrate that Immune Cell, specif-
ically those involved in innate immune responses, influenced significantly in the
progression of numerous cancer malignancies [22, 23]. Sufficient literature evi-
dence suggests the linkage of Inflammation and cancer pathogenesis, and these
studies demonstrate that Immune Cell, specifically those involved in innate im-
mune responses, influenced significantly in the progression of numerous cancer
malignancies. In fact, inflammation occurs even before a tumor’s malignancy can
be detected, resulting in the development of the microenvironment that makes it

easier for precancerous lesions to progress towards cancer [24, 25].

The interaction between inflammatory mediators and the tumor micro-environment
with their morphological changes has been recognized as a driver of oncogenesis.
[26]. Additionally, earlier research suggests that inflammation, which is caused by
the cytokine production and an abundance of ROS (Reactive Oxygen Species),
can promote the development of higher malignancy by boosting the activities of
the adjacent malignant cells [27, 28]. According to Mostofa et al.’s findings, the
development of gliomas is strongly correlated with a number of inflammatory me-
diators, including cytokines, cyclooxygenases, STAT3, NF-xB, and oxidative stress

[29].
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Glial cell activation, production of inflammatory chemicals and, increased BBB
(Blood- Brain Barrier) permeability with associated hallmark of tumor growth
contribute towards the invasion of the brain by peripheral immune cells [30]. Mi-
croglia are the CNS resident immune cells which initiate process of neuro inflam-

mation [31].

Gliomas associated microglial cells in tumor microenvironment can have at least
two sources, i.e., blood-borne macrophages and intrinsic to Brain parenchyma.
Macrophage accumulation in brain tumor is facilitated by localized production
of chemo-attractants such as Glioma Associated Microglia/Macrophages (GAMs)
along with different mediators. Such mediate an essential part in glioma prolifera-
tive growth, invasion, and resistance to therapy. Microglia and astrocytes response
to neuronal injury is modulated by variation in mediator’s expression, alterations
in morphological features, and subcellular elements and phagocytosis of cells [32].
Therefore, such changes mark the CNS tissue response to neuro degeneration and
damage which results microglial cell activation by producing cytokines, such as
interleukin-10 IL-10 (Interleukin-10), IL-1 5 (Interleukin-1 §), IL-6(IInterleukin-
6), TGF-5 (Transforming growth factor) and tumor necrosis factor alpha TNF-a(
Tumor necrosis factor alpha).The malignant progression of several cancer types
is significantly influenced by inflammatory cytokines [33, 34]. Interleukin (IL1,
IL6, and IL8, pro-inflammatory cytokines, are produced and secreted at high lev-
els in human glioblastoma, and the levels of expression are associated with the
histopathological grade of the tumors [35, 36]. A mouse model has demonstrated
the crucial role that IL-6 plays in the growth of gliomas [37]. An immunosuppres-
sive cytokine called (TGF-3), (Transforming Growth Factor ) which is likewise
highly enhanced in High Grade Gliomas, is correlated with an adverse prognosis in
the patients of brain cancer e.g. Glioma [38]. According to certain theories, inflam-
matory cytokines increase tumor invasion, metastasis, angiogenesis, and immune

evasion, all of these are contributing factors in tumor malignancy [39, 40].

These cytokines support processes that are essential for the development and
spread of cancer, including long-term proliferation, cell migration, apoptosis sup-

pression, and differentiation of tumor cells. It is widely known that the IL-6-STAT3
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signaling pathway, along with other inflammatory cytokines such IL1 g, TNF «
and I1-23, has been associated with in the progression of cancer in many tumor
types, including glioblastoma, which contributes to tumor resistance and recur-
rence of glioblastoma [41]. Glioblastoma has a high rate of STAT3 activation [42].
The use of "RNAi knockdowns” and "STAT3 inhibitors” has demonstrated that
they promotes tumorigenesis in glioblastoma by inhibiting apoptosis[43]. Addi-
tionally, it has been noted that when compared to primary glioblastoma, recur-
rent glioblastoma tumors have higher levels of phosphorylated STAT3 [42]. Fur-
thermore, worse rates of recurrence-free survival and total patient survival were

associated with tumors that showed increased nuclear localization of STATS3.

Furthermore, associations between tumor cells and microglia are bi-directional;
under the influence of glioma, microglia release various types of molecules that
instigate glioma growth, progression, and stimulation of inflammatory cascades.
Certainly , Astrocytoma Cells produces the microglia chemo attractant including
CSF-1 (colony-stimulating factor-1), G-CSF (granulocyte colony-stimulating fac-
tor) and microglia possess the corresponding receptors [44]. Regarding glioma,
an elevated expression of inflammatory biomarkers (IL13, IL6, IL10, IL8, IL1Ra,
TGFp1, TNFa, NF-xB, GCSF, GCSFR, STAT3) has been associated with shorter
lifespan in GBM patients participated in 2 Cohort studies. Current research, how-
ever, mainly focused on the crucial function of these markers in predicting patient
survival and gauging the prognostics of GBM. The diagnostic use of these markers
in gliomas and Glioblastoma Multiforme (GBMs) has not been well-established.
However, prior research indicates that little is known regarding the associations
between IRRGs (Inflammatory Response-Related Genes) and the prognoses of

glioma patients.

For many years, intermediate filament proteins have been proved helpful in the
diagnosis of tumor due to their tissue- and cell-specific expressions [45]. In 1971,
the 50 kDa type III intermediate filament called as GFAP ( Glial Fibrillary Acidic
Protein) was determined and identified after the dissociation of filaments from
fibrous astrocytes. The first reports of elevated GFAP expression in glioblastoma

with astrocytoma characteristics appeared a year later, and more reports appeared
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after that. GFAP was established as a biomarker for astrocytoma and has a con-
tinous in use as a result of numerous research characterizing GFAP expression in
glioma subtypes [46]. The first reports of elevated GFAP expression in glioblas-
toma with astrocytoma characteristics appeared a year. later, and more reports
appeared after that. GFAP was established as a biomarker for astrocytoma and
has a continous in use as a result of numerous research characterizing GFAP ex-
pression in glioma subtypes GFAP is mostly expressed in mature astrocytes in
the healthy-state of human brain . Therefore, it is observed that high GFAP
expression identifies in more ”Differentiated Less Malignant Tumors” measured
at clinical as well as in basic experimental conditions. But more recently, in the
developing "human brain’s radial glia” , ”the adult brain’s neural stem cells”, and
the other ”Non-Differentiated and Immature central nervous system cells”, it has
been observed that GFAP is expressed [47]. Since then, GFAP has frequently
been utilized to identify glioma cells with stem cell traits and targeting the neural
stem cells in order to cause gliomagenesis in animal models [46, 48]. In addition,
Non-Neoplastic Astrocytes that, in response, become reactive to tumor growth
and do not depict the differentiated state of neoplastic cells have increased GFAP
expression [49, 50].

However, High GFAP levels in tumor tissues are not always the direct indicator of
a less aggressive and more distinct astrocytoma subtype. According to our most
recent research, which assessed the expression of various GFAP isoforms, higher
levels of the alternative Splice Variant of GFAP compared to the Canonical Variant
of GFAP which are linked to a higher malignant and less differentiated astrocy-
toma subtype [51, 52]. Inflammatory biomarkers have been demonstrated in the
current study to enhance patient classification for treatment and predict survival
in brain cancer. The objective of the present study was to describe variations in
inflammatory marker expression levels among glioma patients; patients with other
grades of glioma, such as grade III and grade IV, to determine the significance and
worth of these genes’ expression in the diagnosis and prognosis of glioma, with a
focus on GBM diagnosis. Pharmacogenomics studies show gene variants impact
on the PK/PD of medications. This includes gene polymorphisms that affect drug

pharmacology or side effects as well as absorption, distribution, metabolism, and
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excretion processes [53]. Clinical precision medicine is significantly influenced by

pharmacogenomics, which also helps to foretell therapeutic efficacy and toxicity.

Personalized cancer treatments that use profiling to discover druggable targets
are intended to replace inefficient chemotherapy in genomics-driven oncology. Us-
ing high-throughput drug screening, this kind of precise medicine connects unique
phenotypic characteristics to cell response. Enormous-scale bioinformatics data
repositories have been created recently to store the transcriptome reactions to en-
vironmental and genetic perturbations as well as disease markers. These databases,
including the LINCS (Library of Integrated Network-Based Cellular Signature),
CCLE (Cancer Cell Line Encyclopaedia), and ChEMBL (Chemical European
Molecular Biology Laboratory), have enabled new computational techniques for
drug repositioning by correlating disease signature, Drug Induced expression of
gene changes, and cellular response [54]. Traditional treatment only slightly im-
proves survival [55]. Researchers are looking for FDA-approved pharmaceuticals
that can be employed as chemotherapy medications due to the growing need for

potent anticancer medications [56].

Drug re-purposing, also referred to as drug re-discovery, repositioning of drugs, re-
profiling of drugs, and other names [57], is an intriguing approach to managing the
re-use of drugs with established formulas, clinical trials, toxicity, post-marketing
surveillance safety data, and pharmacokinetics that offer expanded potential for
usage. Clinical data and RNA-sequencing data were gathered from open-access
databases in order to investigate and characterize the integrated roles of inflam-
matory genes in glioma. The Gene Expression Omnibus (GEO) database was used
to identify genes that were deferentially expressed in normal and glioma tissues.
Next, we used information from the TCGA (The Cancer Genome Atlas) to create
a predictive signature to forecast clinical outcomes of glioma. Using the GTEX
database, the performance of the signature was further verified. Additional anal-
yses included clinical correlation, immunological infiltrates, immunotherapeutic
response prediction, and pathway enrichment. In conclusion, we devised a prog-
nostic signature for predicting outcomes in gliomas, and the findings may provide a

reliable basis for prognostic assessment and the development of specialized targeted
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therapy approaches. In this research, we recommended NISIN as a potential anti-
cancer medication for the treatment of glioblastoma include Bacteriocin. In order
to propose an eventual benchmark for personalize precision medicine in clinical
practice, Pharmacogenomic studies have been conducted in gliomas to demon-
strate the effectiveness of temozolomide and celecoxib in chemotherapy due to
changes in the expression of inflammatory genes and stimulation of inflammatory

cascades.

In conclusion, we devised a prognostic signature for predicting outcomes in gliomas,
and the findings may provide a reliable basis for prognostic assessment and the
development of specialized targeted therapy approaches. In this research, we
recommended NISIN as a potential anticancer medication for the treatment of
glioblastoma include Bacteriocin. In order to propose an eventual benchmark for
personalize precision medicine in clinical practice, Pharmacogenomic studies have
been conducted in gliomas to demonstrate the effectiveness of temozolomide and
celecoxib in chemotherapy due to changes in the expression of inflammatory genes

and stimulation of inflammatory cascades.

1.2 Gap Analysis

To date, information on the management of brain tumors, such as glioma, in
Pakistan remains unexplored, scattered and scarce. It’s unfortunate that there is
no centralized unified cancer registry and research repository at National level [58,
59], though some of the well reputed institutes maintain cancer data independently
[60]. As a result, we lack the data regarding glioma prevalence, its contributing

biomarkers involved in disease progression and drug resistance.

Primary studies on glioma incidence and expression studies of inflammatory biomark-
ers, Interleukin-8, Interleukin-6, Interleukin-10, interleukin-1/5, interleukin 1 recep-
tor antagonist, transforming growth factor-8 and tumor necrosis factor-a, NF-xB,
TNF-a ,GCSF, GCSFR and STAT3 have not been previously conducted in Pak-

istan at molecular level. Therefore, keeping this in view, there is a challenging need
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to better understand the functions and contextual interactions of genetic changes
caused by inflammation-induced glioma, as well as to expand the knowledge of
oncological precision medicine by using new potential glioma-specific anticancer
peptides and bacteriocins instead of conventional chemotherapies to alleviate the

adverse effects [61].

1.3 Research Objectives of the Study

In this study, the following core issues has been addressed.

1. To identify the expression of inflammatory biomarkers of glioma in Pakistani

population.

(a) To identify the expression of inflammatory biomarkers (IL-13, IL-6,
IL-8, IL-10, TGF-3, TNF-o, NF-xB and sIL-1Ra) of GFAP positive
glioma cases.

(b) To identify the expression of inflammatory biomarkers (GCSF, GCSFR
and STAT3) of GFAP negative glioma cases.

2. To map identified inflammatory gene-expression signatures from Pakistani
population with global gene expression signature associated with glioma for

optimized precision therapy to prioritize the drug targets.
3. To determine the mutation of significant inflammatory biomarker in glioma.

4. To identify potential anti-cancer peptides or Bacteriocin based drug targets
by using an in-silico approach for effective response to personalized drug

therapy.

1.4 Significance of the Study

Large-scale gene expression investigation on gliomas of all histological kinds to ex-

amine their inflammatory gene expression-based classification can predict Survival
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and drug treatment response. This study also intricately highlighted previously
undiscovered tumor heterogeneity and identified prognosis-related gene expression

differences.

Patients with malignant gliomas have a dismal prognosis despite extensive treat-
ment with chemotherapy, radiotherapy and surgery. Major breakthrough in the
molecular genetic assessment of brain tumors, particularly gliomas, have resulted
in the identification of various molecular markers that play a vital part in the

genesis and malignant transformation of gliomas.

Some of these indicators have been proven to be extremely helpful in histological
diagnosis and to forecast survival and therapeutic response. This study identi-
fied novel molecular and cellular targets for cancer personalized therapies, paving
the way for an Individual-Based Healthcare system delivering improved treatment
outcomes with minimal toxicity. Exploring the interaction among inflammatory
genes and their associated proteins may help us make more accurate risk assess-
ments and discover biologic targets for therapies to make cancer treatment more

bearable for glioma patients.

1.5 Problem Statement

The lack of functional characterization data in glioma pharmacogenomics associ-
ation research limits our capacity to fully harness a patient’s pharmacogenomics
information through genotype-guided medication. The functional interpretation of
pharmacogenomics complexity could be improved with the use of new experimental
and computational methodologies. Understanding tumor molecular characteristics
in the form of biomarkers and proving their relationship with drug results will be
crucial for diagnosis and tailored treatment. The lack of efficacy and toxicity pro-
file of therapeutic drugs are two main challenges in to improving cancer patient

survival and quality of life.

Most anticancer medications only respond in a minority of cases and have a narrow

therapeutic index, which frequently result in severe side effects and even death.
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Therefore, novel therapeutic approaches that can increase cure rates while mini-
mizing the adverse reactions are urgently required. So far, a glioma inflammatory
genes specific profiling has not been done in Pakistani population, which is very
crucial step to monitor disease progression, recommend personalized therapy and

to develop inflammatory biomarker specific drug targets.

1.6 Research Question

RQ1: Which inflammatory biomarkers are responsible for glioma in
Pakistani population?

In this study 11 most prevalent inflammatory biomarkers (IL-1/, 1L-6, IL-8, IL-10,
TGF-5, TNF-a, NF-xB and sIL-1Ra, GCSF, GCSFR and STAT3) were identified
by different aspects in Pakistani population that could be used to determine disease
severity and progression, to facilitate histopathological classification of gliomas and

personalized therapy.

RQ2: Is there identified inflammatory gene expression signature in Pak-
istani population similar to globally identified inflammatory gene ex-
pression signature responsible for glioma?

The comparison of global inflammatory gene expression profile with context to
Pakistani patients’ expression profile have been done by analyzing globally avail-
able datasets of glioma cases form Cancer repository databases. As a result, high

target areas to develop biomarker specific drug had been identified.

RQ3: What are the molecular events (mutations) associated with glioma?
This question had been addressed by the In-silico identification of the mutations
associated with the inflammatory biomarker of glioma in globally available glioma

datasets with the integration of advanced bioinformatics tools.

RQ4: What are the Pharmacogenomic aspects of prioritized inflamma-
tory biomarkers based on expression due to drug action by integration
of In-silico drug docking of potential anti-cancer peptides or Bacteri-

ocin?



Introduction 12

This question has been addressed by the potential identification of anti-cancer pep-
tide/Bacteriocin NISIN and exhibited docking with anti-inflammatory biomarker
GCSF to block the inflammatory signaling pathway through in silico studies. And
also validated by MTT cytotoxicity assay on SF-767 Human Glioblastoma Cell

line.



Chapter 2

Literature Review

2.1 Cancer

Cancer is a term that refers to a collection of diseases that are marked by aberrant
cell growth and a lack of control over cell proliferation. The formation of a tumor,
or neoplasm, often characterizes these diseases. These tumors can either be be-
nign or malignant in nature. While benign tumors do not metastasize or spread
to other region of the body, malignant tumors can spread through local, lym-
phatic, or hematogenous routes. A malignant neoplasm that possesses the ability
to metastasize is referred to as cancer. Hanahan and Weinberg (2000) proposed
six key abnormalities in cellular physiology which might underpin malignancy de-
velopment that include growth signals that are self-sustaining, non-responsiveness
to anti-growth signals, eluding programmed cell death (apoptosis), dysregulated
replication opulent vascularity (angiogenesis) and robust metastatic and tissue in-
vasion as shown in (Figure 2.1) [62]. The biological process by which normally
dividing cells develop into cancer has been the subject of extensive research in the
biomedical sciences for decades [63]. Although very precise procedures support tu-
morigenesis, wide variety of general causes, including radiation, chemicals, toxins,

bacteria/ viruses, inflammation, and so forth, can triggering the phenomenon.
13
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Evading insensitivity to
apoptosis anti-growth signals

Sustained Tissue invasion
angiogenesis & metastasis

FIGURE 2.1: Hallmarks of cancer [64]

2.1.1 Global Occurrence of Cancer

Cancer is the major contributing cause of mortality and a crucial barrier in extend-
ing life expectancy worldwide. According to World Health Organization (WHO),
malignant tumor is either first or second leading cause of death under 70 years
age in 112 out of 183 nations and remain third or fourth in another 23 countries
2, 65]. Distribution and prevalence of major cancer risk factors directly related to
social and economical developments and pose global cancer incidences burden and
mortality resulting from population growth and ageing. There has been reported
2-3 fold greater incidence of all types of cancers in developing countries as com-
pared to developed ones. Globocan has also explained the incidence and mortality
of different cancers in both genders (Figure 2.2). In 2040 due to demographic shift
the worldwide cancer burden is anticipated to riseup to 28.4 million cases which

would be 47% high from 2020 [2, 66].
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FIGURE 2.2: Top 10 Cancer statistics 2020 by GLOBOCAN [67]
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2.2 Brain Cancers

"Brain cancers” differ from other neoplasms, the other brain tumors have con-
straints of the closed cranial vault, having comparatively limited fatal tumor load,
and the failure of metastasis. Brain cancers are the second most prevalent ones in
children under the age of 15, after leukemia in terms of occurrence. Intracranial
tumors have no known cause, and only a few occurrences of relatively uncom-
mon forms like acoustic neurinoma and neuro fibroma appear to be genetically
inherited. Brain cancers are the second most prevalent ones in children under
the age of 15, after leukemia in terms of occurrence. Intracranial tumors have
no known cause, and only a few occurrences of relatively uncommon forms like
acoustic neurinoma and neuro fibroma appear to be genetically inherited. The
incidence of brain metastases from a primary tumor in other parts of the body is

comparatively limited [68].

Primary and metastatic malignant brain tumors have a high morbidity and a low
survival rate for patients. These tumors require complex and multidisciplinary
care. WHO classifies primary brain cancer into more than distinct categories
based on phenotypic, molecular, and histological characteristics [68]. The Central
Brain Tumor Registry of the United States (CBTRUS), which provides the largest
population-based data on brain tumors, reported that approximately 70% of ini-
tial brain tumors lack cancers. [69]. Among malignant primary brain tumors,
gliomas are the most prevalent (80%), followed by other less common subtypes
(19%) such as Ependymomas, Schwannomas, Medulloblastomas, Central Nervous
System Lymphomas, and Meningiomas. The molecular characterization of pri-
mary brain tumors has enabled the development of more targeted therapeutic
approaches based on molecular phenotypes [70]. However, the mortality rate from
CNS cancers has increased significantly [71]. In 2018, there were 296,851 new cases
of brain cancer worldwide, representing 1.6% of all cancer diagnoses [72] . The
5-year survival rate for patients with primary brain tumor depends on the grade
and molecular profile of the tumor. While low-grade brain tumors have a 5-year

survival rate of more than 90%, high-grade tumors have a very poor prognosis with
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less than 5% survival rate [73]. The average overall survival rate for all malignant

brain tumors is 36% [74].

2.3 Gliomas and its Classification

Gliomas, the most frequent primary tumors of the spinal cord and brain, ex-
hibit a histological resemblance to normal glial cells and are named accordingly.
However, their exact cellular origin remains elusive and could potentially arise
from glial or neural precursors, normal glial cells, stem cell, or other types of
cells. The traditional diagnostic and classification criteria for gliomas rely on
histopathological testing, with the 2007 World Health Organization (WHO) clas-
sification categorizing them into several subtypes, including Oligodendroglial tu-
mors, Astrocytic tumors, Ependymal tumors, Oligoastrocytic tumors, Neuronal
and mixed Neuronal-Glial tumors including Ganglio-Glioma. This classification
encompassed well-defined grade I tumors, forexample Pleomorphic Xanthoastro-
cytoma, Pilocytic Astrocytomas and Subependymal Giant Cell Astrocytomas,
as well as the more commonly observed infiltrating gliomas, including grade II
Oligodendrogliomas and Astrocytomas, grade III Anaplastic Oligodendrogliomas,
Anaplastic Astrocytomas, Anaplastic Oligoastrocytomas, Anaplastic Ependymo-
mas, and grade IV GBMs [75]. Over the past few decades, extensive study into
the biology of gliomas has led to the identification of several critical genetic and
molecular mechanisms underlying these tumors. Glioblastoma multiforme and as-
trocytomas are the most frequent type of brain cancers, while less than 2% of
patients have ependymomas and oligodendrogliomas, or medulloblastomas, which
could be a separate biologic entity altogether [76]. There is emerging evidence that
some viruses, smoking, alcohol usage, drug addiction, or dietary consumption of
N-nitroso compounds,and also the use of high frequency radiations, are linked
with the initiation of glioma involving inflammation [77]. Gliomas are a clinically,
histologically, and genetically diverse category of brain cancers encompassing 80%
of cases and 17,000 new ones identified each year [78]. The condition is most

common in people between the age of sixty to eighty years of their life span , and
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the number of glioma patients is projected to increase as the population ages [79]
. Patients with malignant gliomas have a median survival time of fewer then six
months; after a year, about 20% of patients are surviving, and after two years,

less than 10% are surviving [80].

2.3.1 Astrocytic Tumors

Astrocytic tumors, which originate from glial cells with a star-shaped morphology
that perform vital supportive functions for neuronal cells, are the most preva-
lent types of brain tumors. Glioblastoma, accounting for 34 percent of malignant
tumors of the CNS (Central Nervous System), is the more prevalent subtype. As-
trocytomas are classified into two groups based on their infiltration patterns. The
first group comprises pilocytic astrocytoma, Pleomorphic Xanthoastrocytoma,and
subependymal giant cell Astrocytoma) which display a well-defined narrow zone
of infiltration. The second group includes low-grade Astrocytomas, Anaplastic
Astrocytoma, and Glioblastoma and they have an infiltration zone that is more
dispersed. These groups exhibit differences in cellularity, cellular heterogeneity,

neovascularization degree, and necrosis presence.

2.3.2 Diffuse Astrocytoma

Diffuse astrocytoma, classified as a grade II tumor by the World Health Organi-
zation, is a slow-growing tumor that tends to progress to a more aggressive form,
ultimately leading to a fatal outcome. The incidence of astrocytomas is comparable
between the genders, and histological analysis reveals that they are hypercellular,
with limited pleomorphism, and do not demonstrate mitotic activity. No microvas-
cular growth or necrosis is seen, and the tumor margins are typically ill-defined,
with numerous perineuronal satellitosis observations. The median survival rate of

patients with diffuse astrocytoma ranges from two to ten (2 - 10) years [81].
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2.3.3 Anaplastic-Astrocytoma

Anaplastic Astrocytomas are malignant gliomas classified as grade III tumors by
the World Health Organization. These tumors have a strong proliferative capac-
ity and are diffusely infiltrated with localized or distributed patches of anaplasia.
Nuclear atypia, hypercellularity, cellular pleomorphism, and microvascular prolif-
eration are frequently seen in anaplastic astrocytomas. The median survival time
for patients with anaplastic astrocytoma ranges between 2 and 3 years, which is
affected by the time duration for tumor progression to grade IV. With a median
age of 41 at diagnosis, the most affected age range is between 40 and 50. The ge-
netic processes involved in the emergence of primary and secondary glioblastomas

are depicted in Figure 2.3.
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FIGURE 2.3: Glioblastoma genetic pathways are depicted in a flowchart [82]

2.3.4 Glioblastoma Multiform (GBM)

The incidence rate of GBM, a primary brain tumor that is both frequent and
deadly, is estimated to be 4-5 new cases per 100,000 population per year [83].

This disease has a poor prognosis, with patients surviving for an average of only
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12 months after diagnosis. Although GBM can affect individuals of any age, it is
more commonly observed in adults. Due to its highly infiltrative nature, GBM is
categorized as a WHO grade IV tumor and is generally found in supratentorial
regions with diffuse brain parenchyma infiltration. Prognosis for patients with
GBM is poor, with age being a significant prognostic factor. The patients under

the age of 50 at the time of diagnosis generally have a favorable prognosis [84].

2.3.5 Oligoastrocytomas

Oligoastrocytomas are tumors that are composed of varying proportions of astro-
cytes and oligodendrocytes. These tumors were previously diagnosed based on the
presence of 25% of any single cell type; however, the current definition includes
any mixture of astrocytoma and oligodendroglioma cells. Like oligodendrogliomas
and astrocytomas, oligoastrocytomas are divided into low-grade and high-grade
(anaplastic) variants based on the, mitotic activity, the degree of cellularity, mi-

crovascular proliferation, and necrosis [85].

2.3.5.1 Anaplastic Oligoastrocytomas

Anaplastic oligoastrocytomas are similar to their low-grade counterparts in terms
of histological features and supratentorial location with seizures. However, their
medical findings are inadequate, with a median survival time of only 1.25 years
[86]. The histological-based classification system has been updated over the years
and has been useful for clinicians, but it has some limitations that have prompted
the recent modification.The histological-based diagnosis technique is susceptible to
high interobserver variation which is a serious drawback.Therefore, the diagnostic
criteria that separate astrocytoma from oligodendroglioma are better suited for
common scenarios,but may be too vague for most tumors, having some mixed
feature. The accuracy of histology-based classification can also be affected by

inadequate or non-representative tissue sampling [87].
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For patients with comparable diagnoses, ranging from weeks to years, conventional

classification and grading systems have difficulty providing accurate prognoses.

Some differences can be explained by various clinical factors, such as age factor
,Status of patient performance , and extent of the resection. Nevertheless, when
clinical and histopathologic prognostic variables are considered, the significant
portions of the survival differences cannot be explained. According to WHO clas-
sification system the molecular changes within gliomas have made it possible to
improve diagnostic standards, identify prognostic biomarkers, and develop viable
targeted therapeutics for molecularly identified glioma subgroups. (Figure 2.4)
88].

2007 WHO Criteria 2016 WHO Criteria
| IDHM IDH®
WHO Il - Oligoastrocytoma (OA) |
WHO il - Anaplastic Oligoastrocytoma (ADA)
WHO Il - Astrocytoma (A) WHO Il - Oigodendrogioma ()
WHO Il - Anaplastic Astrocytoma (AA) WHO NI - Anaplastic Ofigodendrogiioma (AQ) 1p19q 1pisq*
WHO ller I WHO Il or Il WHO Il or il
IDH™T1p19g- IDH™T/1p19q* IDHWT
A (IDHT Otigodendrpioma) (DR Difusa Astrocysoma)

FiGurE 2.4: WHO classification system glioma 2007-2016

2.4 Glioma Diagnosis

The glioma diagnosis is based upon the following testing:

2.4.1 Imaging Modalities

MRI is a non-invasive imaging technique that uses a powerful magnetic field and
radiofrequency radiation to generate images of the body’s inside organs. It pro-
vides high-resolution images of soft tissues, including the brain, and is considered
the gold standard for brain tumor imaging. The technique works by detecting the

signals generated by the protons in water molecules in the body’s tissues. MRI
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is a highly effective imaging technique for the diagnosis and monitoring of brain

tumors.

2.4.2 Magnetic Resonance Spectroscopy (MRS)

It is used to identify the presence of metabolites via exploring the biochemical
spectra that are generated when those chemicals are excited. Through the identi-
fication of patterns of change that are correlated with cancer grade, this can offer
both diagnostics information and data about the tumor’s metabolism. Choline,
for instance, is used to evaluate the turnover of cellular membranes, creatinine to
gauge energy metabolism, myoinositol to indicate the activation of protein C, lac-
tate to gauge anaerobic metabolism, and lipid to gauge necrosis. It is also helpful
in gauging a patient’s reaction to cutting-edge treatments that employ a focused

molecular approach.

2.4.3 Computerized Tomography (CT)

It is a widely used imaging technique that generates 3-dimensional images of the
internal structure of an object using a series of (2- Dimensional X-ray ) images
captured around a central point of rotation, which are then reconstructed by com-
puter analysis. One advantage of CT over magnetic resonance imaging (MRI) is
its ability to provide superior visualization of calcification. In particular, CT scans
are recommended for the diagnosis of certain types of tumors, such as oligodendro

gliomas and also meningiomas, which frequently exhibit calcification [89].

2.4.4 Pathological Analysis of Malignant Glioma

Despite the crucial roles played by clinical and neuro-imaging approaches, a histo-
logic analysis of tissue samples continues to be the gold standard. A more accurate
characterization of the tumor has been made possible by recent developments in

molecular profiling, notably the inclusion of a patient’s 1p 19q, K27M, H3 and
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IDH deletion status into the 2016 WHO classification system, which has aided
prognosis and patient care. The most popular histopathologic test for collected
tissue is the haematoxylin and eosin (H&E) stained slide. The resulting stain
enables the histopathologist to describe the neoplasm’s microscopic morphologic
characteristics, which are correlated with its biological behavior and prognosis [90].
The most widely used grading standard is the WHO classification system, which is
based on the histological appearance of four patient survival-related criteria. The
approach distinguishes infiltrated oligodendro gliomas, astrocytomas, and oligoas-
trocytomas based on morphologic criteria and splits infiltrating gliomas (grades 11,
II1, and IV) from non-infiltrated gliomas (grade I). A final tumor grade is deter-
mined by taking into account morphologic characteristics and infiltrative potential
[91]. A subpar method for determining the presence of an infiltrating glioma is
frozen section diagnostic. Despite the ease with which some characteristics, such
as nuclear anaplasia, cellular density, mitotic activity, necrosis and microvascular
hyperplasia can be identified, other distinctive diagnostic characteristics are more

challenging to identify with certainty and run the risk of introducing artefacts [92].

2.4.5 Immunohistochemistry

It can be used to distinguished between tumor cells from glioblastoma, melanoma,
primary central nervous system lymphoma and metastatic carcinoma, using GFAP
as a distinguishing protein. The expression of GFAP (Glial fibrillary acidic protein)
is specific to astrocytic neoplasms, gametocytes, and gliofibrillary oligodendrocytes

of oligodendro gliomas [93].

2.5 Significance of Molecular Pathology in (Glioma

Classification

The following seven molecular layers and molecular pathology are used to diagnose

integrated gliomas as shown in the (Figure 2.5-2.6):



Literature Review 24

1. Isocitrate dehydrogenase (IDH1) mutations.
2. 1p/19q co-deletion.

3. A thalassemia / mental retardation syndrome —X—linked gene (ATRX) ex-

pression

4. TERT promoter mutation/EGFR gene amplification and/or chromosomes 7
gain and 10 loss (+7/—10).

5. CDKN2A /B homozygous deletion on 9p21.
6. Histone H3 K27M/ mutations.

7. Histone H3 G34R/V mutations.
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FIGURE 2.5: A seven-layer classification system for diffuse gliomas in adults
[94]
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In the field of glioma diagnosis, an integrated approach that combines histological
features, grading, and molecular information has been adopted, which involves
a T-layered structure. This approach utilizes molecular information to highlight
the absence and presence of the most diagnostic alterations for respective tumor
types, with green indicating the presence and red indicating the absence of such
alterations. As per the WHO classification, gliomas are categorized into different

grades, ranging from 2 to 4, based on the increasing degree of malignancy.

MOLECULAR PATHOLOGY IN HIGH GRADE GLIOMAS

Methylation:
MGMT, PTEN, RB1, TP53, CDKN2A, PDGFB, EMP3,
SOCS1, PCDHGA11, OLIIG1/2

Chromosomal aberrations:
Gain: 1q, 19q, 20q

Loss: 6q, 9p. 13q, 14q, 22q
Concomitant: +7/-10

Mutations:
PTEN, ATRX, TP53, RB1, IDH1/2, NF1, EGFR

Amplifications:
MET, EGFR, PIK3CA, PDGFRA, CCND2, MDM2/4

Deletions:
CDKN2A, CDKN2B, CDKN2C, PTEN, RB1, NFKB1A

FIGURE 2.6: Molecular Pathology of Glioma [95]

2.6 Prognosis / Prediction

Gliomas are a group of primary brain tumors that are challenging to treat and have
a poor prognosis. A variety of prognostic indicators have been identified for these
tumors, including histological diagnosis, tumor grade, patient age, race, gender,
location of lesion, extent of resection, radiation therapy and chemotherapy. [96].
These indicators have been derived from clinical trials and population registry
data. Patients under 50 at diagnosis had a better prognosis than older patients,
and patient age has been repeatedly emerged as the most important prognostic

factor. This correlation has been observed across age groups and demonstrated
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using a Kaplan-Meier curve, where a plot of survival over time reveals a decrease
in cumulative survival as patients die. Additionally, the Karnofsky performance
scale, a tool used to assess a patient’s functional status, has been found to be

strongly correlated with survival [97].

Several genetic changes have also been associated with glioma, and studies have
investigated their relationship with survival. Scarce literature evidence is available
on, like the TP53 mutation, have data, but it’s not all that readily apparent.
Furthermore, there is considerable variation in response to therapy, and despite
the introduction of combined radiotherapy and chemotherapy, the median survival
rate for high-grade gliomas remains low at around 46% after one year [98]. Since
some of the clinical trials only enrolled patients with higher Karnofsky scores,
leaving older patients with lower scores with palliative care only, it is crucial to
continuously assess patients to locate and identify deteriorated case scenarios/or

the efficacy of treatment regimen.

2.7 Glioma — Therapy

2.7.1 Surgery

Surgery is a crucial part of treating brain tumors, both for diagnosing the condi-
tion and for treating intracranial pressure symptoms and improving the prognosis
through maximum operative removal of brain tumors. Complete tumor resec-
tion has been strongly correlated with improved prognosis [99]. Technological ad-
vancements, such as biopsies held with stereotactic volumetric techniques, cortical
mapping, and resection with the use of lasers, robotics involvements, and aspirator
application, have further improved surgical the outcomes [100]. Along with the
patient’s medical history and physical examination, a thorough pre-operative as-
sessment employing MRI and CT modalities of imaging is required prior to surgery.
Additionally, positron emission tomography scans utilized preoperative procedure
to locate particularly active regions and direct the biopsy to these sites. However,

complications such as hemorrhage may arise, particularly in vascular lesions like
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glioblastoma. A safer and more efficient surgical method is image-guided surgery,

which uses MRI and CT scans [101].

2.7.2 Radiotherapy

It plays a critical role in the medical treatment of cancer by targeting the prolif-
erative and inducing apoptosis through various cellular mechanisms such as DNA
damage, organelle dysfunction, and membrane rupture. This leads to the for-
mation of free radicals that generate DNA crosslinks and damage nucleotides,
ultimately inducing apoptosis. The primary goal of radiotherapy in cancer treat-
ment is to stop the growth and spread of cancer cells while minimizing damage to
surrounding normal tissue. In glioma therapy, the objective is to maximize ioniz-
ing radiation delivery to the target tissue while minimizing harm to normal brain
tissue [102]. Fractionated doses of radiation are commonly used to provide time
for tissue recovery, and image-guided techniques can be employed to accurately
target the tumor and avoid damage to the surrounding tissue. Patient immobi-
lization is critical for proper targeting, and greater precision can be achieved with
stereotactic radiotherapy using a multi-headed cobalt unit known as gamma knife

radiation therapy [103].

2.7.3 Chemotherapy

Chemotherapeutic agents exert their effects on inducing cancer cell death through
diverse mechanisms.DNA is alkylated by temozolomide, which results in lesions
in astrocytoma and GBM.Temozolomide reduces resistance to DNA damage by
suppressing MGMT levels. Procarbazine, an important alkylating agent involved
in the inhibition of the nucleic acid and protein synthesis, but its use is limited
due to side effects such as , nausea, vomiting and rashes [104]. Vincristine is a
potent drug that depolymerizes microtubulin formation, leading to cell cycle arrest
at mitosis. It shows effect against both High-Grade and Low-Grade gliomas, but
shows minimum sensitivity sensitivity against Low-Grade tumors, and its use is

associated with neurological toxicity [105].
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2.7.4 Immunotherapy

In the context of brain diseases such as glioblastoma, the use of immunotherapy has
gained increasing attention. While the brain was historically thought to be devoid
of immune surveillance due to the tightly regulated BBB (blood brain barrier) and
absence of lymphatics, research has shown that immune surveillance and T cell
activation primarily occurs in the meningeal compartment of the central nervous
system. Immune checkpoint molecules (CTLA-4 and PD-1) have found to play
a crucial role in cancer immunotherapy, with anti-PD-1/PD-L1 and anti-CTLA-
4 immune checkpoint inhibitors (ICIs) being extremely effective for malignancies
that are aggressive, like Non-Small Cell Lung cancer and advanced Melanoma
[106]. Multiple immunological checkpoints are upregulated in the glioblastoma
tumor microenvironment (TME), and the proportion of Tregs is enhanced, mak-
ing ICIs a possible strategy for restoring T cell responses. However, following
ICT therapy, GBM tumor can adjust the checkpoint of immune system blockage
by upregulated substitute checkpoints such TIM-3. This acquired resistance may
be overcome by combination therapy that target numerous checkpoints, such as
anti-PD-1 and TIM-3 blocking. Recent research has also identified the inhibitory
receptor CD161 as a potential target for immunotherapy, and As indicated in
(Figure 2.7), future research studies should explored novel drug targets and com-

binations of therapies to increase ICI efficacy. [107].

Glioblastoma is an aggressive form of brain cancer that is highly resistant to
therapy, making it a challenging disease to treat. Various immunotherapeutic
approaches have been developed to target glioblastoma, ICIs myeloid-targeted
therapies, dendritic cell (DC) vaccines, peptide vaccines, vaccines used in per-
sonalized therapy, and CART cell (Chimeric Antigen Receptor) immunotherapies
[107]. To reinstate T cell function with anticancer activity, ICIs work by inhibiting
the immunological checkpoints CTLA-4 and PD-1. Myeloid-targeted therapeutics
alter pro-tumorigenic immunosuppressive microglia (MG) or MDMs (monocyte-
derived macrophages) to become more anti-tumorigenic. Peptide vaccines, DC

vaccines, and customized vaccinations train T cells to target tumor neoantigen(s).
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In CAR immunotherapies, T cells from the patient or NK-92 cells from a non-
patient are genetically modified to express neoantigen-specific CARs, which are
then multiplied in vitro and adopted and delivered to the sufferer [107] .Despite
the development of these immunotherapeutic approaches, glioblastoma remains
highly resistant to treatment, and none of these therapies have been successful
in improving treatment outcomes. The major mechanisms of resistance to these
immunotherapeutic approaches include intrinsic, adaptive, and iatrogenic mecha-
nisms, which are outlined in the grey boxes. However, many ongoing clinical trials
are investigating ways to overcome these resistance mechanisms and improve the

effectiveness of immunotherapy for glioblastoma.
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FIGURE 2.7: Landscape of major glioblastoma immunotherapies and mecha-
nisms of resistance [108]

Targeting tumor-associated macrophages (TAMs) in glioblastoma is an impor-

tant therapeutic strategy. One of the approaches to achieve this is to inhibit the
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CSF-1R (colony stimulating factor 1 receptor), a critical receptor for macrophage
survival and differentiation [ 109]. Vaccine-based t herapies have emerged as a po-
tential strategy to educate tumor-specific ¢ ytotoxic T' 1 ymphocytes ( CTLs) by
presenting tumor neoepitopes that are strongly expressed (Figure 2.7).Direct ad-
ministration of several peptides that mimic the target tumor’s neoepitope(s) is
among the simplest ways to make therapeutic vaccinations. However, personal-
ized vaccinations and DC-based vaccines are also being researched as prospective

treatments for glioblastoma [110].

2.8 Role of Cytokines and Inflammation in

Glioma Tumor Microenvironment

Inflammation is frequently associated with cancer progression and growth. Many
variables including viral and bacterial infections, obesity, autoimmune illnesses,
tobacco smoking, excessive alcohol intake and asbestos exposure generate tumor-
extrinsic inflammation which promotes malignant progression and increases cancer
risks [111] . MAPKs(mitogen-activated protein kinases) and transcription factors
such as STAT3 and NF-xB are involved in inflammation mediated activation of
microglia [112]. which can contribute to the advancement of neurodegenerative
and neoplastic diseases [113]. During acute phase of brain injury, microglia switch
to the M1 phenotype and release chemical messengers like ROS (Reactive Oxy-
gen Species), nitric oxide (NO), excitatory amino acids and pro-inflammatory cy-
tokines such as IL-6, IL-1 and TNF« [114]. IL-6 is a potent cytokine that was
first recognized for its ability to promote T cell proliferation and activation, B
cell differentiation, and the modulation of acute-phase responses. The IL-6 binds
to signal transducer receptor (IL6ST) which dimerizes activating the JAK/STAT
pathway [115], which induces the classical pathway and trans-signaling. The IL-
6-STATS3 signaling pathway, along with other inflammatory cytokines like IL153
and TNFa, has been implicated in tumor progression in a variety of tumor includ-
ing glioma and contributing to tumor recurrence and resistance. TNFa stimu-

lates the expression of IL-6 during this inflammatory response. IL-6 then controls
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the inflammatory response by suppressing the expression of various other anti-
inflammatory cytokines while increasing the expression of inflammatory cytokines
such as IL-13 [116]. Up regulation of IL-6 expression has been associated with
poor patient survival in gliomas and IL-6 excision has been shown in a mouse
model to prevent glioma formation [117]. Furthermore, by establishing an in-
flammatory environment, IL6 promotes the survival and proliferation of glioma
stem cells (GSCs). IL-18 promotes glioma growth by activating the p38 MAPK

pathway and increasing IL-6 levels [118].

After inflammasome-mediated activation, IL-1/3 is the only cytokine that is pro-
cessed by caspase-1. Innate immune cells, such as antigen-presenting cells acti-
vated by IL-1 signaling, and CD4+ T cells are polarized towards Th17 and Thl
cells [119]. As a consequence, IL-13 plays a significant role in the resolution
of acute inflammation and the initiation of adaptive anti-proliferative responses.
Nevertheless, IL-13 produced as a result of chronic inflammation promotes tu-
mor growth. It promotes metastasis employing various types of mechanisms. It
also encourages the proliferation of myeloid-derived suppressor cells. The pharma-
cological inhibitors of IL-1 signaling could be used as a therapeutic intervention
for IL-1 associated tumor development [120]. IL-la and IL-15 bind to IL-1R1
and IL-1R2 which are expressed by Dendritic cells T cells, monocytes, polymor-
phonuclear leukocytes, B cells and macrophages. IL-1Ra and IL-1R2 antagonism,
therefore, modulates IL-1 signaling and hence diminish IL-1 mediated inflamma-
tion [121] .Thus, innate pro-inflammatory cytokines such as IL-1, IL-6 and TNF-q,
are essential for the resolution of acute inflammation. However, chronic inflamma-
tion, associated hyper expression of innate cytokines promote tumor formation by
prolonged NF-xB activation and MAPK activation. These cytokines also induce

antiapoptotic and pro-tumorigenic proteins expression [122].

Cytokines are a class of specialized proteins involved in the regulation of innate
and adaptive immune cell functions in response to various antigens, including mi-
crobial invasions. They play a critical role in inflammatory and immune responses
by promoting lymphocyte growth and differentiation and activating cytotoxic ef-

fector cells. Additionally, they are essential for haemopoiesis and have therapeutic
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applications in stimulating or inhibiting inflammation [123].

The transcription factors STAT3 and NF-xB play important roles in glioblastoma
progression and are activated by various cytokines. STATS3 is constitutively active
in GBM and mediates the effects of interferon and interleukin-6 cytokine fami-
lies through the JAK-STAT pathway. Similarly, NF-£B is activated by cytokines
such as VEGF, TNF-«, and IL-1, and promotes pro-inflammatory target gene ex-
pression. TNF-a also activates NF-xB through TNFR1, leading to anti-apoptotic
responses [124]. A20, which is a negative regulator of NF-kB, show expression
at lower levels in GBM and is associated with TMZ resistance. The expression
of various cytokines by glioma cells can have both positive and negative effects
on tumor growth, proliferation, migration,invasion, neo angiogenesis, and immune
cell infiltration. Figure 2.8 depicting the inflammatory markers and cytokines

infiltr

FIGURE 2.8: Inflammatory markers and cytokines infiltrations in Glioma mi-
croenvironment [125]

2.9 Microglia

Microglia are myeloid cells that reside in the Central Nervous System and perform

a vital role in inflammatory reactions, as well as injury and repair. Microglia are
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drawn to gliomas and polarized into cancer-nourishing cells that assist in angio-
genesis, invasion, and matrix remodeling and adaptive immune suppression. Even
though the signaling pathways and key regulators that enable classical inflam-
matory response are well characterized, the transcriptional and signaling circuits
that underline alternate microglia activation are insufficiently recognized [126].
CNS immune system is significantly influenced by microglia cells, which act as
macrophages that are localized to tissue in the brain [127]. These cells signifi-
cantly influence brain development and the homeostasis of the neural environment
by phagocytosing apoptotic cells and promoting neurogenesis, synapse formation,
and the growth of axon [128, 129]. Additionally, microglia cells are important

members of the first line of defense and take part in immune surveillance [130].

2.9.1 Microglial and/ Macrophage Activation and Polar-

izations (during resting stage)

Sedentary microglia cells actively monitor their environs via highly mobile pseu-
dopodial extensions on their bodies. The microglia that are resident in the tissue
become active resulting in a variety of pathological events, including wounds, viral
infections, bacterial infections, or damage of the tissue. Microglia are suitable as
antigen-presenting cells because they express co-stimulatory molecules and high
levels of (Major Histocompatibility Complex II) MHC IT molecules when activated
[131]. Microglia serves as a direct mediator between the adaptive and innate im-
mune systems in this way. Additionally, they produce TNF-«, a pro-inflammatory
protein that facilitates the invasion of peripheral macrophages. The entire myeloid
cell population then causes an immediate inflammatory response. Microglia and
macrophages are cells that play a vital role in the immune response of CNS. These
cells use a variety of immunological pattern recognition receptors to recognise
immunogenic antigens including lipopolysaccharides (LPS), which is followed by
pathogen removal by phagocytosis. The activation of microglia/macrophages leads
to the expression of redox molecules, scavenger receptors, and inducible nitric ox-

ide synthase (iNOS), resulted in the production of high levels of nitric oxide. This
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metabolic state is associated with the pro-inflammatory, M 1-like a ctivated phe-
notype of macrophages/ microglia. However, microglia/macrophage activation is
a dynamic process that is tightly regulated. Through the secretion of immune-
regulating substances and anti-inflammatory substances, A polarity change to an
anti-inflammatory M 2-like p henotype f ollows t he p ro-inflammatory re sponse of
M1-like microglia/macrophages, which inhibits immunological responses, prevents

tissue damage, and promotes the process of healing [132].

Multiple markers, such as CD206, CD204, and CD163, are expressed by M2-
polarized macrophages and microglia. The IL-4 and IL-13 produced by T helper
cells (TH) stimulate the M2a subtype primarily. The TGF-5 (Transforming
growth factor), IL-2 receptor (IL-2R), and CCL15, CCL17, CCL24 are among
the anti-inflammatory cytokines and chemokines t hat are expressed as a result of
the binding of IL-4R (IL-4 receptor), which activates the STAT6 transcription fac-
tor. Additionally, the M1-specific NF-xB signaling is silenced as a result of IL-4R
signaling. In contrast to (M2a) microglia and macrophages, the (M2b) subtype is
activated by immunological complexes, TLRs (Toll-like receptors), or inhibitors of
the IL1 receptor (IL1R). These receptors’ downstream signaling triggers the release
of IL1, IL6, IL10, TNF-a and CCL1 which regulates the immune system by activat-
ing TH2 and regulatory T cells (Tregs). Finally, exposure to anti-inflammatory
cytokines including I1L10, TGF-$, and glucocorticoids causes the (M2c¢) pheno-
type to become active. The response to IL10 involves the phosphorylation of
the STAT3 transcription factor, leading to the transcription of various molecules,
including TGF-3, FIZZ1, and PPAR-v, resulting in an anti-inflammatory microen-
vironment. Versican, Pentraxin 3, and Antitrypsin expression are markers for the
(M2c) phenotype and promote the formation of extracellular matrix and tissue

remodeling [133].
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2.9.2 Role of Microglia / Macrophages in Glioma Microen-

vironment

Discrimination between pro-inflammatory ( M1-polarized) and anti-inflammatory
(M2-polarized) GAMs is challenging. Nevertheless, CD40, CD74, and MHC II
are associated with M1-polarized GAMs, whereas CD204, CD163, CD206, FIZZ1,
ARG1, and pSTATS3 are attributed to M2-polarized GAMs. Anti-inflammatory
M2 GAMs with CD2044 and CD163+ are linked to high grade tumor and shorter
patient survival in gliomas. Glioma cell-derived factors, such as TGF-8 and M-
CSF, contribute to M2-like GAM polarization by promoting the up regulation of
several M2 markers [134]. The activation of microglia/macrophages is either fo-
cused on the conventional, pro-inflammatory M 1-like phenotype or on the alterna-
tively activated anti-inflammatory M2-like phenotype depending on the particular
stimuli. As shown in figure 2.9, glioma cells attract G AMs and cause an M2-like
polarization, which encourages tumor growth and invasion. Chemo attractants,
such as MCP-1, MCP-3, and SDF-1, secreted by glioma cells promote GAM infil-
tration. Furthermore, GM-CSF, EGF, and EGFR/MAPK signaling also play an
essential role in microglia recruitment and polarization. Even in the context of
brain tumors, these findings o ffer a helpful fo undation for further characterizing

GAM polarization [135].
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2.9.3 Interaction between Gliomas and Macrophages

GAMs interface evolve together with malignant tumor cells closely in the tumor
microenvironment.GAMs significantly contribute to tumor development, cell relo-
cation, and invasion after active tumor cellular-mediated recruitment and polariza-
tion into the (M2-pro-tumorigenic) like phenotype. Additionally, they contribute
in the depletion of extracellular matrix, promote neoangiogenesis, and support
an immune-suppressive microenvironment. In vitro and in vivo, astrocytoma and
glioblastoma cells release the (MCP)-1 (monocyte chemoattractant protein) one of
the most significant chemo attractants known to attract GAMs [137]. In addition,
motility of GBM and transformation into the M2-like phenotype are encouraged
by M-CSF (CSF-1), which is released by glioma cells. In addition to inducing
GAM invasion in vitro, the cytokine GM-CSF released by glioma cells also in-
hibits GAM-Dependent invasion in an organotypical brain slice model. EGF has
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recruitment

invasion

FIGURE 2.10: GAMs (glioma-associated microglia/macrophages) recruitment
by glioma cells [140]

also been discovered to act as a paracrine motility factor that attracts microglia to
the location of the lesion [138]. The production of the pro-inflammatory cytokines
IL-18 and TNF-« is decreased when the EGFR/ MAPK signaling in microglia
is inhibited, according to in vivo animal models. Multiple glioma cell-derived
chemokines, including SDF-1 (CXCL12), MCP-1 (CCL2), EGF, M-CSF (CSF-1)
and GM-CSF, work together to recruit GAMs and then cause their M2 polariza-
tion (Figure 2.10). Therefore, inhibiting these ligands or their associated receptors

may provide potential targets for new treatments [139].

2.9.4 GAMs Activate TME Immunosuppressive and Pro-

mote Glioma Cell Invasion

GAMs are known to promote invasion of glioma cells and contribute to an im-
munosuppressive TME. TGF-/, STI-1(stress-inducible protein-1) , IL6, IL1, and
EGF are a few GAM-derived factors that have been found to induce glioma cell
invasion. TGF-f superfamily members 1-3, which are produced by glioma cells
and are increased in glioma tissues have been extensively studied and are among
these substances classified as immunosuppressive cytokines [141]. Particularly,

it has been shown that TGF-£2 derived from MMP-2 is induced to develop by
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GAM,a type of enzyme that, in vitro, makes glioma cells more aggressive. Fur-
thermore, astrocytoma aggression and an unfavourable outcome for GBM patients

are strongly correlated with MMP-2 expression. [142].

Both soluble substances and direct interactions between cells are used by M2-
polarized GAMs to carry out their immunosuppressive activities. Low levels of the
M1-associated pro-inflammatory cytokines TNF-«, IFN-v, IL-2, and 1L-12, as well
as high levels of the M2-associated anti-inflammatory cytokines TGF-4, IL-6, and
IL-10, were discovered in the tissues of gliomas, pointing to an immunosuppressive
TME. It was determined that glioma cells and GAMs were the primary sources
of these cytokines. TGF-f secretion increased when glioma cells and microglia
monocultures were co-cultured. Reduced phagocytic activity is brought about by
the down regulation of MHC II molecules, co-stimulatory moleculesCD86 and
CD80 and MHC II molecules in GAMs as a result of the subsequent TGF-3
signaling [143].

Similar to TGF-4, IL-10 also contributes to an immunosuppressive TME by pre-
venting the proliferation of T cells, antigen-presenting cells, and Tregs. Increased
IL-10 expression levels are linked to malignancy in gliomas. In human GBM,
GAMs are thought to be the primary source of IL-10. It has been demonstrated
that tumor-derived GAMs exhibit increased STAT3 signaling compared to healthy
microglia/macrophages when it comes to IL-10 transcription. A worse prognosis
for glioma patients and elevated tumor grade have both been linked to activated
pSTATS3 expression. Additionally, conditioned media produced from glioma cells
can boost microglia cells” STAT3 activity, which in turn causes them to secrete
more of the anti-inflammatory M2-like cytokines IL-6 & IL-10. Together, these

findings pointout the STAT3 targeting as promising therapeutic strategy [133].

2.10 Signaling Pathways in Glioma

The signaling pathways implicated in glioma have been extensively studied due to

their critical role in promoting tumor growth and progression. Genetic alterations
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FIGURE 2.11: Important signaling pathways in gliomas [145]

identified in human GBM samples have highlighted the importance of certain onco-
pathways [144], such as EGFR amplification and downstream activation of STAT3
(signal transducer and activator of transcription) in glioblastoma cells shown in
(Figure 2.11), While these pathways have been the focus of current GBM drug
trials, other pathways such as (JAK/STAT) and (NF-xB), which are significantly
elevated in various types of human malignancies, hold enormous potential for the

creation of more efficient, molecularly tailored GBM treatments.

Cancer research has focused on JAK2/STAT3 Signaling because it is essential for
the development and survival of several kind of human malignancies. To inhibit
the transition of healthy cells into cancerous ones, STAT3 activity must be strictly
controlled since it affects the transcription of genes involved in apoptotic cell cycle.
The majority of human neoplasms, however, exhibit abnormal STAT3 activity,
which shows the breakdown of endogenous regulatory mechanisms. The tyrosine
phosphorylation status of STAT3 in GBMs demonstrates that it is constitutively
active [146]. In individuals with anaplastic astrogliomas, phosphorylated STAT3

is associated with a poor prognosis [147]. IL-6 cytokines have a strong relationship
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with GBMs because of their ability to activate STAT3. All tumors examined to
date had high levels of I1.-6, one of the most frequently dysregulated cytokines
in cancer [148]. In GBMs, the protein inhibitor of activated STAT3 (PIAS3),
a negative regulator of activated STAT3, is produced at extremely low levels,
which supports constitutive STAT3 signaling and cell growth, according to a recent
study. These results imply that STAT3 suppression in antigen-presenting cells can
enhance the T-cell-mediated antitumor immune response in glioma. However,
STAT3’s function in glioma genesis is complicated and might be influenced by the

tumor’s mutational profile [149].

In GBM, the Wnt, vascular endothelial growth factor (VEGF), TGF 3, EGFR,
NF-xkB, CDKN2A, (PI3K)/AKT (phosphatidylinositol-3-kinase) and mTOR (mam-
malian target of rapamycin) pathways have been found to be altered or upregu-
lated, possibly contributing to the disease progression and aggressive tumor be-
havior. The cellular differentiation, polarity, proliferation, motility, and stem cells
activity are all significantly influenced by the canonical Wnt pathway. This path-
way’s increased activity has been connected to GBM development, aggressiveness,
and invasive potential as well as resistance to chemotherapy and radiation therapy
[150]. The tyrosine kinase receptor EGFR controls cell proliferation, migration,
adhesion, differentiation, and death. TGF-3, an inflammatory pathway that nor-
mally promotes tumor suppression, mediates malignant characteristics in cancer
cells. A crucial regulator of both healthy and pathological angiogenic response is
VEGF. and considered as powerful stimulant of endothelial cell development [151].
An essential component of immunity, inflammation, cancer, and nervous system
health is the protein transcription factor NF-xB. Oncogenic NF-xB mutations
typically promote tumor growth and invasion, decrease apoptosis, and create drug
resistance. Cellular quiescence, proliferation, cancer, and longevity are all gov-
erned by the mTOR and PISK/AKT pathway. This pathway is overexpressed in
a number of cancer forms, including glioblastoma multiforme, and is triggered by
a number of growth factors, including members of the human EGFR family and
the PDGFR family. AKT promotes cell survival, deactivates cell cycle inhibitors,
and increases cell cycle proteins, all of which have an impact on cellular prolifer-

ation. It also drives protein synthesis and cell growth. There is potential for the
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development of targeted therapeutics for glioblastoma that could enhance clinical

outcomes for patients given the number of disrupted signaling pathways [152].

The NF-xB signaling system is aberrantly constitutively activated in GBM, which
encourages oncogenesis by promoting Apoptotic suppression, tumor proliferation,
invasion and therapeutic resistance. The p65-pb0 heterodimer, which binds to
NF-kB sites in target genes to control gene transcription, is the most prevalent
type of NF-kB protein dimer. NF-xB dimers are inactive in non-stimulated cells
because they bind to three cytoplasmic inhibitory factors, (IkB—a), (IxB-f3) and(
[kB-€), preventing nuclear localization and transfer. NF-xB dimers, on the other
hand, bind to kB-sites in the nuclear regulatory areas of genes that are involved in
numerous biological processes. NF-xB supports the functions of neurons as well
as processes linked to synapse development and plasticity. Notably, research has

revealed that in 81% of GBM cases, the NF-£B p65 subunit is overexpressed [153].

By preventing IxB kinase breakdown, the flavonoid a mentoflavone, wh ich can
penetrate the blood-brain barrier, blocks the NF-xb pathway. This substance
decreases the viability and growth of GBM cells, causing a sub-G1 population to
appear that indicates apoptosis [154].

A fundamental genetic program for instruction is the Wnt signaling pathway that
supports GBM’s capacity for growth, aggression, and invasion. According to re-
cent studies, Wnt activation-causing mutations in the adenomatous polyposis coli
gene occur in roughly 13% of cases of GBM and have a mutation frequency of ap-
proximately 14.5 percent. Furthermore, elevated canonical Wnt pathway activity,
which results in cancer stem cells from differentiated cells, causes GBM resistance

to chemotherapy and radiation therapy [155].

The PI3BK/AKT /mTOR intracellular signaling system controls cell growth, metab-
olism, and proliferation. Three categories of PI3K inhibitors exist: dual PI3K/mTOR,
isoform-selective, and pan-PI3K. With a frequency of 4 to 27%, PIK3CA expresses
pl10«, a subunit of the catalytic pathway of class IA PI3K that is commonly al-
tered in GBM [156]. In GBM cells, PIK3CA significantly k nockdown decreased

migration, cell survival and invasion by decreasing AKT and FAK activation.
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MTOR, a member of the PI3K-related kinases, regulates various growth signals
by phosphorylating the immediate substrates (Figure 2.12). It is found that in pre-
vious studies more than 90 percent of glioblastomas, the mTOR signaling pathway

is hyperactivated [157].

The HGF (Hepatocyte Growth Factor), the ligand of the c-Met receptor tyrosine

kinase (RTK), is expressed on the surfaces of many different cells. Through the
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stimulation of numerous signaling pathways, aberrant activation of the (HGF/c-
Met) axis in cancer cells, which is intimately associated to mutations of c-Met gene,
overexpression, promotes tumor growth, amplification, and its progression [159].
C-Met overexpression is present in about 37% of GBM patients. The mechanism
of resistance that facilitate GBM invasion in xenografts model also involves c-Met.
Clinical trials have been conducted on a number of c-Met-targeting medications,

including Onartuzumab, a monoclonal antibody that specifically binds c-Met [160].

Changes in FGFR expression in astrocytes may promote malignant transforma-
tion and the development of GBM as a result of the stimulation of mitogenic
response, migration-prone, and antiapoptotic responses. Fisogatinib is a FGFR4
gene inhibitor that has shown strong activity and selectivity, which led to sig-
nificant anti-tumor efficacy in clinical trials [161]. In addition to causing tumor
growth, activation of the BRAF gene in human neural stem and progenitor cells
also causes oncogene-induced senescence in some low-grade brain tumors [162]. In
contrast, adult diffusely developing tumors with a poor prognosis are also found to
have BRAF gene changes. BRAF inhibitors that target the BRAFV600E muta-
tion, such as (Dabrafenib and Vemurafenib), have made substantial progress in the
treatment of malignant melanoma. Given the existence of the V600OE mutation,
BRAF inhibition is currently a therapeutic option for a limited cohort of patients

with recurrent glioblastoma multiforme [163].

2.11 Importance of Inflammatory Molecular Bio

Markers in Glioma Diagnosis and Therapy

Several inflammatory biomarkers have been studied in gliomas, including TNF-a,
and TGF-3,C-reactive protein (CRP),and IL-6 among others. Elevated levels of
these biomarkers associated with poorer prognosis and shorter survival in glioma
patients. For example, high levels of (CRP) shown to be an independent predictor

of poor prognosis in glioblastoma patients.
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In addition to prognosis,expression of inflammatory biomarkers can also predict
treatment selection. For example, the presence of high levels of TGF-4 has been
associated with resistance to anti-angiogenic therapy, which is commonly used in
glioblastoma treatment. In contrast, the presence of elevated levels of IL-6 has been
associated with better response to certain immunotherapies, such as checkpoint

inhibitors.

Overall, the use of inflammatory biomarkers in glioma diagnosis and therapy is
still in the early stages of development, and more research is needed to fully under-
stand their clinical utility. However, the potential for these biomarkers to provide
additional information to guide treatment selection and improve patient outcomes

makes them a promising area of investigation in neuro-oncology[164].

2.12 Tissue Expression Profiling in Glioma

Transcriptional analysis of tissue expression profile is a crucial step in the discovery
and development of new drugs. Its effects on numerous facets of drug discovery,
including target identification, target validation, chemical selection and verifica-
tion, pharmacogenomics aspects, biomarker creation, evaluation of clinical trial,
and toxicology are extensive. Standardized processes and a single array platform
are essential for maximizing the use of the invested resources. This makes sure
that sizable species-specific databases are produced, which makes it easier and
more secure to compare data sets from various trials.

Transcriptional profiling can identify a large number of differentially regulated
transcripts across a series of samples. Housekeeping genes are likely to be un-
regulated genes and may not be transcribing proteins critical to the particular
processes in biology are being studied. The localization of expression of genes
inside the tissue can be determined with great value by fractionation, aiding in
identifying the native protein translated from a novel gene or in identifying specific
regions for natural or targeted deletion of genes of interest. The precise compara-
tive expression pattern of individual genes or gene families connected to particular

biological mechanisms and pathways can be studied using bioinformatics methods
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[165].

High-throughput genomic technologies extensively used to comprehend the mech-
anisms involved in the genesis of disease processes. Gene expression profiling with
microarrays can identify differentially expressed genes, aiding in the discovery of di-
agnostic molecular markers [166]. Immunohistochemistry (IHC) is another method
to identify molecular markers that can determine the grade of gliomas appropri-
ately,by determine those patients who have a better chance of surviving or who
might benefit from chemotherapy . For instance, GFAP immunostaining yields
supplementary information for diagnostic and prognostic evaluation of human as-
trocytomas. However, in contrast to the tumor samples in different datasets, the
number of normal control samples in public gene expression databases is dispro-
portionately small [167].

Overall, the study of the precise relative expression pattern of single gene or num-
ber of gene families is associated with specific biological mechanisms and pathways
is made possible by tissue expression profiling through transcriptional analysis and
high-throughput genomic technologies, which also aid in the identification of di-

agnostic molecular markers.

2.13 Impact of Expression Profiling in Personal-

ized Medicine

Gene expression profiling stands at the forefront of advancement in personalize
medicine, specially in the field of precision oncology, bestowing a rational approach
in glioma. Predictive diagnostic and prognostic molecular markers are increasingly
being used to supplement histopathological classification of gliomas. Furthermore,
extensive molecular profiling investigations have indicated that various types of
gliomas have distinct genetic and epigenetic abnormalities that can be used to

classify tumors [168].
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2.14 Pharmacogenomics and Glioma

The high rate of clinical development medication failure is a significant contributor
to the unfavorable perceptions of the pharmaceutical industry’s low productivity.
The costliest studies are in phase I1I, and nearly half of all medications that reach
this stage fail because of insufficient efficacy or toxicity problems. Furthermore,
drugs that make it to the market can show unexpected variations in efficacy and
safety. The use of pharmacogenomics (PGx) profiling technologies can facilitate
to identify inter-individual differences in drug treatment response [169]. This in-
cludes oligonucleotide microarrays, which can investigate mRNA levels, and DNA
single nucleotide polymorphisms (SNPs), commonly referred to as pharmacoge-
netic (PGt) analysis. PGx can also involve the analysis of mRNA processing, mi-
croRNA levels, and DNA insertions, deletions, rearrangements, and copy number.
Although other profiling methods provide a more comprehensive understanding of
drug treatment at the molecular level, only oligonucleotide microarrays and SNP
profiling technologies are currently feasible on a large scale [170]. By deriving a
characteristic signature from the differentially expressed genes for each pharmaco-
logical medication of a specific cell type, PGx can be used to predict responsiveness

or outcome.

Pharmacogenomics helps patients with oligodendrogliomas understand chemother-
apy response. The use of pharmacogenomics can identify genetic markers that dif-
ferentiate responder from non-responder patient groups and the ones most likely
to experience a negative medication reaction. Although the standard of care
chemotherapies is now nonspecific, the rapidly advancing understanding of GBM
genetics has enabled unparalleled pharmacogenomic investigations, and highly tar-
geted and safer effective treatments are soon to be available [171]. Y chromosome,
1p, 6q, 9p, 10p, 10q, 13q, 14q, 15q, 17p, 18q, 19q, 22q, and other chromosomes
have all shown common regions of loss, according to recent comprehensive genetic
screenings of GBM. In addition, GBM has shown gains in gene expression brought
on by genetic changes, such as whole-chromosome duplication, intrachromosomal

allele amplification, extrachromosomal amplification, and activating mutations.
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GBMs may have at least four DNA repair pathways that may eliminated, includ-
ing Nucleotide Excision Repair, Mismatch Repair,Base Excision Repair, and direct
reversal of lesions in recombination. Methylation of promoter CpG islands, which

shown in gliomas, may lead to loss of MGMT expression.

Recent genome-wide association studies have provided additional insights into the
genetic abnormalities of GBM. Gene expression profiles of gliomas may be a better
predictor of survival than histology. Using automated network-based approaches
with TCGA data, discovered a new driver candidate gene AGAP2/CENTGI that
can activate the PI3K pathway. It is being investigated how to discover medicines
that focus on some of these oncogenic events using gene delivery technologies
such viral vectors, nanoparticle structures, expression plasmids, and liposomal
preparations, Comprehending the full scope of the molecular pathways behind the
genetic anomalies in GBMs [172].

2.14.1 Pharmacogenomic Aspects of Anti- Cancer Pep-

tides and Bacteriocins

Gene expression signatures provide administrative tools to address the demand
for personalised medicine of glioma patients including future therapeutic applica-
tions of anti-cancer peptides and Bacteriocin. A modern concept of personalized
medicine to treat various cancers is mainly focused on anti-cancer peptides and
Bacteriocin the potential use of Bacteriocin in cancer therapy is due to their in-
hibitory effects on DNA synthesis complexes and membrane proteins, which cause
cytotoxicity or apoptosis of tumor cells. These are antimicrobial peptides produced
by a wide range of bacteria. In order to overcome chemotherapeutic drug resis-
tance, Bacteriocin have robust tissue penetration capacity with efficient potential

uptakes by cancer cells synergized with intrinsic activity [173].

Bacteriocin exhibit immune-modulatory role and dampen the PAMPs (pathogen-
associated molecular patterns) associated inflammatory effects by regulating cy-
tokines levels. They play key role by up- regulating anti-inflammatory cytokines

expression and mitigating proinflammatory cytokines by regulating the activation
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of certain pathways, such as nuclear factor kappa-B (NF-xB) signaling pathways

during microglial activation in glioma [174].

Cationic peptides have unique properties that make it possible for them to cause
the death of tumor cells, making them increasingly recognised as promising anti-
cancer drugs. Pyocin, colicin, pediocin, and microcin are some of the bacteriocins
that have been reported with antitumor activities. Furthermore, modified bacte-
riocins have been claimed to treat effectively glioblastoma xenograft mouse model
[175]. Wide range of in-silico and Computational approaches can augment an-
ticancer peptides and Bacteriocin based drug discovery to downregulated certain
inflammatory culprit markers responsible for cancer onset, progression, metastasis,

immune evasion, and drug resistance [176].

2.14.2 NISIN: An Anticancer Peptide/ Bacteriocin

The gram-positive bacterium Lactococcus lactis naturally produces the 34-amino
acid polycyclic antimicrobial peptide known as NISIN during fermentation. It is
effective against both Gram-Positive and Gram-Negative bacteria, which makes it
a promising target for use in pharmaceuticals, veterinary, and health care products,
in addition to its role as a food preservative. The Food and Drug Administration
(FDA) and WHO both approved NISIN for use in humans in 1969 and 1988,
respectively. The FDA has recognized NISIN as a safe option. NISIN consumption
per individual in the US is thought to range between 0.94 to 2.24 mg per day [177].

Despite the fact that bacteriocins like NISIN have been in use for several years to
prevent germs from growing on food, they have only lately been studied to inhibit
the growth of cancer cells or trigger apoptosis. Apoptosis is a procedure that gets
rid of surplus or old cells, but since cancer cells are resistant to it, it’s important
to formulate new drugs that can trigger apoptosis in cancer cells. The earlier

investigation focused at NISIN’s impact on an astrocytoma cell line’s proliferation

and apoptosis (SW1088). [175].

In head and neck squamous cell carcinoma (HNSCC) cells, NISIN preferentially in-

duces apoptosis, arrests the cell cycle, and decreases cell proliferation as compared
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to primary keratinocytes. In vivo, NISIN also inhibits the growth of HNSCC tu-
mors. The interaction of NISIN with the cellular membrane alters the integrity of
the membrane and creates transient holes, which in turn mediates reorganization
of phospholipid and permits an inflow of ions [178]. Specifically, cation transport
regulator homolog 1 (CHAC1), a proapoptotic cation transport regulator, as well
as a concurrent extracellular calcium influx are how NISIN causes these effects
on HNSCC. However, CHACI is not required for these effects to occur. These
findings collectively imply that NISIN may be a viable cancer treatment agent,
and further investigations are warranted to explore its potential as a therapeutic

agent [179].

2.15 Drug Repurposing in Glioma and NSAIDS

The field of drug repurposing in neuro oncology has been shown promising role,
with several commonly used medications such as statins or NSAIDs being inves-
tigated for their potential impact on glioma survival through various biological
mechanisms, including targeting of the mevalonate or cyclooxygenase pathways.
However, prior studies investigating the use of these medications in glioblastoma
patients have yielded inconclusive results, with some indicating improved survival
while others showed no improvment [180]. The cyclo-oxygenase (COX)-2 enzyme
is essential for the metabolism of arachidonic acid, which produces prostaglandins.
Prostaglandin production and COX-2 expression have been linked to carcinogen-
esis and tumor progression, and other brain disorders. It has been demonstrated
that eicosanoid biosynthesis inhibitors increase astrocytic differentiation and re-
duce proliferation in glioblastoma cells [181]. Previous studies have shown that
selective (COX-2 Inhibitors), such as celecoxib, exhibits growth-inhibitory effects
and induce apoptosis in a variety of cancer cell lines, which has sparked a lot of
interest in them as safe and efficient anticancer treatments. Additionally, in vitro
analysis were performed to investigate the possible impact of the selective (COX-
2 Inhibitor) on the growth, migration, and suppression of COX-2 expression in

glioma cells [182].



Chapter 3

Research Methodology

3.1 Reagents and Chemicals

DNA Extraction Kit, RNA extraction kit, DTT, cDNA synthesis kit, agarose,
RNase-Zap, DEPC treated PCR water, PCR master mix, Real Time PCR Master
Mix Kit, RNA Later, DNA Loading dye, 100 bp DNA ladder, ethidium bro-
mide, ultra-pure distilled water, cell culture grade, ethanol, isopropanol, TAE,
Taq-1.5 U (Ferments), Sense and Antisense primers (0.5 pmolperl), MgCl2 (50
mmolperl), d.NTP (0.2 mmolperl), and DNA-template (1. pug). ELISA- Kit
(AB.CAM), polystyrene plates, typically in 96-well plates, Primary and/or Sec-
ondary Detection Antibody, Analyte/Antigen, Coating Antibody/Antigen, Buffer,
Wash, and Substrate/Chromogen. IHC reagents (Deionized and distilled wa-
ter, Xylene, Ethanol, anhydrous denatured, histological grade (100, 95, 80, and
70%), Hematoxylin solution, Tacha’s Bluing solution: for bluing hematoxylin
Stained Nuclei, Wash Buffers: follow vendor recommendations. Antigen Re-
trieval Buffer, Depends on specific antigen retrieval method: for HIAR e.g. 10X
Antigen Decloaker (Bio.care, Pacheco, C.A, U.S.A) diluted 1:10 with deionized
water,0.1% TBS-Tween,3% hydrogen peroxide (for blocking endogenous peroxi-
dase); Use peroxidase blocking solution to reduce background staining (Bio.care,

Pacheco, C.A, U.S.A),Slides with adhesives for tissue retention, Western blott
50
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(AB.CAM), lysis- buffers, NP-40 buffer, RIPA-buffer (radio immunoprecipitation-
assay- buffer), Tris-HCI, Laemmli.2X.buffer/loading-buffer, Running-buffer (Tris-
Glycine/SDS), Transfer.buffer (wet), Transfer buffer (semi-dry), Blocking-buffer
(3-5%) milk or BSA (bovine serum albumin),Antibodies.

3.1.1 Consumables

2mL screw cap tubes, Real time PCR plates, PCR tubes, Falcon tubes, DNA /RNA
free tubes, P10, P100, P1000 tips boxes RNase, DNase free, petri plates, ependrof
tubes, PCR tubes, blotting paper.

3.2 Design Procedure and Ethical Statement

This study was a retrospective cross-sectional series to include patients diagnosed
with brain tumor in Pakistan. This study was intended to collect clinical data
from selected age group for glial brain tumors including histopathological find-
ings, which would determine the national prevalence and incidence of these tu-
mors. Tissue samples from surgically resected glioma tumors were compared
to matched samples for other diseases (ODC) by gender and age.The Capital
University of Science and Technology (CUST), Islamabad, Pakistan, granted ap-
proval for the study,which followed the Declaration of Helsinki’s guidelines (Ref:
BI&BS/ERC/19-2 and September 23, 2019). 55 glioma patients (mean age, 35
years) who underwent brain surgery between January 2018 and December 2021
had their biopsy samples collected from various surgery departments of public sec-
tor tertiary care hospitals in Pakistan. 55 glioma patients (mean age, 35 years)
who underwent brain surgery between January 2018 and December 2021 had their
biopsy samples. The Clinical data and patients MRI scans were collected from ter-
tiary care settings of Neuro departments Pakistan. Patient’s glioma sample was
collected against written informed agreement to participate in the study along
with patient information. Follow-up data were collected using medical records

and patient follow-up visits.
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3.2.1 Inclusion Criteria

The inclusion criteria for the sampling of disease cohort (glioma patients) were

considered as follows:

1. Newly diagnosed glioma tissue biopsies confirmed on the basis of Immuno-

histochemical and radiological findings
2. Histopathological verified diagnosis according to 2016 WHO classification

3. Eligible ages for Study including the patients with: 18 years and older
(Adult, older Adult)

4. Gender eligible for current Study: All

5. Control Biopsies = Tumor Associated Normal Tissue (TANT) minimum ~

10
6. Sampling Method: Non-Probability Sample

7. Chemotherapy status Both type of glioma patients whether underwent chemother-

apy or not

3.2.2 Exclusion Criteria

e Presence of Brain cancers other than glioma

Gliomatosis cerebri

Patient’s glioma size less than 2 cm3

— Ages less than 18 years

Impact of complex comorbidity leading to systemic disorder in the study.

e Second primary malignancy (With the exception of treated basal cell carci-
noma of the skin, in situ cervical cancer, past malignancy treated more than
5 years before to enrolment without recurrence, or T1 vocal cord cancer in

remission.)
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e Any types of body cancer metastasized to brain

e Pregnancy

3.3 Wet Lab Analysis

Expression profiling of inflammatory genes (IL-13, IL-6, IL-8, IL-10, TGF-3,
TNF-«a, NF-xB and sIL-1Ra, GCSF, GCSFR and STAT3) had been done
by quantification techniques and were also compared by globally available datasets

of glioma cases through integration of advanced bioinformatics tools.

3.3.1 MRI Imaging

Each patient underwent an intraoperative MRI scan for trajectory planning on a
3 Tesla MRI scanner (Siemens AG Healthcare, Erlangen) for the diagnosis and
confirmations of glioma grades under the following circumstances: The specs are

260mm x 260mm FoV, 1.03mm3 voxel size, and 256x256 image matrix [183].

3.3.2 Patients Clinical Samples
3.3.2.1 Tissue Samples Specifications

The samples were initially obtained from patients primarily from the affected brain
regions, specifically the frontal and temporal sites of the primary tumor, through
surgical resections. The collection of tumor tissue samples was conducted by con-
sidering variations in cellularity and the presence of necrotic areas in patients
with glioblastoma multiforme (GBM). Tumor-associated normal tissues (TANT)
were typically obtained from the region adjacent to the tumor mass [184, 185].
The minimum weight required for processing, as per internal guidelines, includes
7125”7 mg of tumor tissue and 750" mg of adjacent normal tissue. Volumetric

measurement was utilized to assess the size of GBM tumor samples. The tissue
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3 in size),

specimens were sectioned into small fragments, (approximately 1-2 mm
through the utilization of a sterile scalpel. These fragments were subsequently
subjected to preservation techniques involving formalin fixation and later paraffin
embedding (FFPE) for the purpose of histopathological examination and immuno-
histochemistry. Additionally, the tissue fragments were appropriately stored at

ultra-low temperatures (—80°C) in order to maintain the integrity of nucleic acids

and proteins and prevent degradation [186, 187].

Human glioma tumor samples (total = 55) were collected of patients undergoing
tumor resection. None of the study subjects had received any radiotherapy or
chemotherapy prior to sample collection. The samples were preserved in RNA
later at 4°C for 1-3 days and later on were stored at —80°C. Another portion of
the excised tissue was fixed in formaldehyde solution and embedded in paraffin for
histological evaluation [188]. Classification of all tumor samples were ensured as

per recommendations of WHO malignant tumor grade types [189].

3.4 RQ1: Expression of Inflammatory Genes As-

sociated with Glioma

3.4.1 Histopathological & Immunohistochemically Confir-

mation of Glioma

The glioma samples to be investigated in this research work will consist of human
55 biopsies obtained during brain cancer resection procedures. After the Resec-
tion process,A distinct section of the resected tissue was preserved in formaldehyde
solutions, samples were dehydrated and embedded in paraffin blocks for histolog-
ical evaluation. FFPE blocks was mounted in microtome and sliced into 4 pum
thick slices. At last, the slices were rehydrated followed by hematoxylin and eosin
staining. Hematoxylin and eosin-stained slices underwent light microscopic ex-
amination to confirm the histological diagnosis [190]. All the samples were diag-

nosed by histopathologist as glioma, according to WHO classification system of
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brain tumors. The expression of Glial fibrillary acidic protein (GFAP) through
Immunohistochemical staining using FFPE tumor blocks were carried out.Sliced
tissue slices were deparaffinized in xylene for this purpose and hydrated by soaking
in ethanol. Sections were placed in epitope retrieval solution for antigen retrieval

and incubating them with combinations of GFAP antibodies [191, 192].

3.4.2 Screening of Clinical Samples

The glioma samples were screened on the basis of expression of Glial fibrillary
acidic protein GFAP through immune histochemistry. Two cohorts were differen-
tiated on the bases of GFAP-positive and GFAP-negative, to analyze the expressed

of inflammatory genes in the respective cohorts.

3.4.3 RNA Isolation and cDNA Synthesis

Total RNA was isolated using triazole method. First the sample was homogenized
by homogenizer and the manual RNA extraction was carried out through triazole
method. Subsequently, cDNA was synthesized through reverse transcription with
oligo dT primers using Super Script II. Synthesized cDNA was quantified on nano-
drop spectrophotometer [193].

TABLE 3.1: Primers

Genes Forward Primer Reverse Primer

IL-8 AAG AGA GCT CTG TCT GAT ATT CTC TTG GCC
GGA CC CTT GG

IL-6 ACT CACCTC TTC AGA ACG CCA TCT TTG GAA GGT
AAT TG TCA GGT TG

IL-158 AGC TAC GAA TCT CCG ACC CGT TAT CCC ATG TGT
AC CGA AGA A

IL-10 TGC CTA ACATGCTTC GAG TTA GAG GGA GGT CAG

ATC TCC G GGA AAA CAG C
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Genes Forward Primer Reverse Primer

sIL-1Ra GGC CTC CGC AGT CACCTA TAC TAC TCG TCC TCC
ATC ACT CT TGG AAG TAG AA

TGF-5 CAATTC CTG GCG ATA CCT GCA CAA CTC CGG TGA
CAG CAT CAA

TNF-« CCT CTC TCT AAT CAG CCC GAG GAC CTG GGA GTA
TCT G GAT GAG

NF-kB p65 AGG CAA GGA ATA ATG CTG ATC ATT CTC TAG TGT
TCC TG CTG GTT GG

GCSF GTG CCA CCT ACAAGCTGT AAA GGC CGC TAT GGA
GC GTT GG

GCSFR AAG AGC CCC CTT ACC CAC TGC TGT GAG CTG GGT
TAC ACC ATCTT CTG GGA CACTT

STAT3 CAT ATG CGG CCA GCA AAG ATA CCT GCT CTG AAG
AA AAA CT

B actin CAT GTA CGT TGC TAT CCA CTC CTT AAT GTC ACG
GGC CAC GAT

GAPDH GAA GGT GAA GGT CGG GAA GAT GGT GAT GGG

AGT C

ATT TC

IL-18,IL-6, TNF-a,Bactin https://www.ncbinlm.nih.gov/pme/
IL-8 https://www.ncbi.nlm.nih.gov/pme/

GAPDH https://acsjournals.onlinelibrary.wiley.com /doi/pdf/
IL-10 https://www.ncbinlm.nih.gov/pmc/articles/

NF-xB p65 https://www.ncbi.nlm.nih.gov/pme/

sIL-1Ra https://arthritis-research.biomedcentral.com/articles/
TGF-0 https://www.mdpi.com/2072-6694 /

GCSF,GCSFR https://www.nature.com/articles/


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6694592/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC137016/
https://acsjournals.onlinelibrary.wiley.com/doi/pdf/10.1002/cncr.10898
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3327462/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6166346/
https://arthritis-research.biomedcentral.com/articles/10.1186/ar411/tables/1
https://www.mdpi.com/2072-6694/8/11/100
https://www.nature.com/articles/pr19992821/tables/1
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STATS3 https://bmcmedgenet.biomedcentral.com/articles/

3.4.4 Quantitative RT-PCR (QRT-PCR) Validation

The resulting total cDNA will be amplified through polymerase chain reaction
against gene-specific primers using "SYBR Green master mix”. Reaction for all
sample were performed in triplicate using a PCR protocol. For each primer set,
Log-Linearity of the amplification curve will be ascertained down to the range of
picograms for cDNA. Specificity of PCR products were confirmed by agarose gel
electrophoresis and melting curve analysis [150]. The house keeping gene GAPDH
was used to normalize cDNA amount to the crossing point. Expression profiling of
inflammatory genes (IL-13, IL-6, IL-8, IL-10, TGF-3, TNF-a, NF-xB and
sIL-1Ra) had been done in GFAP-positive glioma samples and for genes (GCSF,
GCSFR and STATS3) in GFAP negative glioma samples by quantification tech-
niques qRTPCR [194].

3.4.5 Enzyme-linked Immunosorbent Assay

ELISA (Enzyme-linked Immunosorbent Assays) were performed according to man-
ufacturer’s instructions. Total protein was extracted from glioma samples stored
in RIPA buffer using protein extraction kit. Corresponding proteins expression of
eleven mediators such as IL-15, IL-6, IL-8, IL-10, TGF-5, TNF-a, NF-xB
and sIL-1Ra and GCSF, GCSFR and STAT3 were quantified respectively
from GFAP positive glioma pts group and GFAP negative pts group respectively,
through their respective ELISA kits. On an ELISA reader, absorbance was mea-

sured. Experiments were carried out in three replicates[195].

The known concentrations of inflammatory genes were added to the ELISA plate.
The OD values obtained from the standards were used to plot a calibration curve,
which interpolates protein concentrations based on their OD values. Blank cor-
rection was used to correct for background noise, and OD values obtained for each

well of the ELISA plate at 450 nm as per the guidlines. Sample processing involved


https://bmcmedgenet.biomedcentral.com/articles/10.1186/s12881-017-0434-3
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homogenization of glioblastoma tissue samples, extracting proteins of interest, in-
cubation, washing, detection, and substrate addition. The specific details of the
ELISA test procedure was followed by specific kit and manufacturer’s instructions
(Abcam Elisa kits USA).Using the appropriate ELISA MAXTM Deluxe Set in

accordance with the manufacturer’s guidelines, cytokine levels were assessed.

3.4.5.1 Statistical Analysis

Statistical analysis of generated data from RT PCR and ELISA was presented as +
standard deviation. Data were analysed using one-way ANOVA and t test followed
by appropriate analysis by GraphPad Prism software 9.0 depending upon the
selection of cohorts for DEGs in glioma patients. The p values less than 0.05 were
regarded as statistically significant. The degree of normality evaluation employed

the D’Agostino & Pearson test.

3.4.6 In Vitro Study of Inflammatory Genes in SF-767 Hu-
man Glioblastoma Cell Line SF-767

3.4.6.1 Cell Line and Culture Conditions

Monolayers of the human glioma cell line SF-767 were grown in in IMDM ( Is-
cove’s Modified Dulbecco’s Medium) with ”foetal bovine serum” (FBS 10%), 1%
Glutamine, 100 IU per mL penicillin, and 100 g per mL streptomycin combination.
Cell cultures were subcultured three times weekly and kept at 37°C in a humidi-
fied 5% CO2 environment. Utilizing cell cultures at low passages, each assay using

glioma cell lines was carried out separately in triplicate [196].

3.4.6.2 MTT Cellular Proliferation Assay

The antiproliferative impact of the therapy was assessed using the MTT assay
(Roche Diagnostic GmbH, Basel, Switzerland). This method was used alongside
other assays (RT-qPCR and ELISA or techniques) to investigate the influence of
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inflammatory processes on cell viability. The Yellow Tetrazolium Salt MTT[3-(4,5-
dimethylthiazol-2-y1)-2, (5-diphenyl- tetrazolium -bromide)] can only be broken
down into purple formazan crystals by metabolically active cells. Three repetitions
of 10000 cells/well in 200 L medium were used to seed the 96-well culture plates.In
each well About (10. uL) of MTT reagents were added following each treatment,
and the plates were then incubated at 37°C for 4 hours. A spectrophotometer set
at A = 595 nm was used to measure the optical density (OD) after the cells had
been lysed with 100 uL of solubilization buffer. Results are given as percentages
compare to the control [197]. The mean values acquired from the cell viability
studies were statistically compared using the Student’s t-test in Microsoft Excel
with one-tailed distributions. The analysis of variance (ANOVA) and t-test were
used to examine the significance of differences between study groups. Statistics
were judged significant for values with p < 0.05. Results are demonstrated as
the MSD (Mean Standard Deviation )for all data. Each study was carried out in

triplicate.

3.5 RQ2: Mapping and Prioritizing of Inflam-

matory Biomarkers of Glioma

3.5.1 Text Mining

Mapping of candidate genes was done by text mining system. Global inflammatory
genes associated with glioma were extracted for comparison with local biomarkers
through text mining-based web services. Since 2010 until the present, the Core
Mine platform (https://www.coremine.com) and PubMed has been used for the
massive biological data integration of glioma associated inflammatory genes, their
analysis, and the identification of underlying mechanisms involved in disease pro-
gression. This platform was employed as a query-based analysis method for glioma
therapeutic targets and diagnostic gene markers. It was also used to obtain all the
inflammatory gene names discovered in the literature that was already available

and pertinent to the search topic [198]. The term ”glioma” was searched, and the


https://www.coremine.com
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results were used to screen all the inflammatory genes related to the term. For
the following stage of the research, the globally acquired differential gene set was

further intersected with the gene set discovered using text mining.

3.5.2 Transcriptomic Profiling

”The Cancer-Genome-Atlas” (TCGA), Gene Expression Profiling, Interactive Anal-
yses GEPIA2, Genome Tissues Expression Database (GTEx), and Microarray
gene database GEO were used with the integration of c-Bioconductors R packages
with servers, i.e., [199], to investigate the differentially expressed genes (DEGs) in

glioma patients.

3.5.2.1 Data Acquisition Extract

In current study we collected 620 glioma cases from four public datasets in the
current study in order to make comparative meta-analysis with tissue biopsy sam-
ples. The Cancer-Genome-Atlas (TCGA), Genome Tissues Expression database
(GTEx), gene expression profiling and Interactive Analyses GEPIA2, and other
bioinformatics tools and databases were used to conduct the studies (http://gepia.
cancer-pku.cn). We obtained RNA Sequencing Expression Data for 207 healthy
brain tissues and 163 glioblastoma patients from TCGA and GTEXx, respectively.
Includes 252 samples of the microarray dataset from the GEO database. We used
GEPIA2 to validate the differential analysis of the expression of "IL-13, IL-6, IL-
8, IL-10, TGF-3, TNF-a, NF-xB, sIL-1Ra, GCSF, GCSFR, and STAT3,” as an
indicator of the degree of DEG expression, we plotted the results using a boxplot
with log2 of transcript count per million. To calculate p-values, Log2FC— Cutoff
was used. The g-value cutoff was set at 0.01 and the log2FC— Cutoff value was
modified to 1.


http://gepia.cancer-pku.cn
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3.5.2.2 Microarray and RNA-Seq Data Screening and Normalization

of Inflammatory DEG for Transcriptomic Analysis

To investigate the (DEG) (Differentially Expressed Inflammatory Genes) in pa-
tients of glioma, we collected 252 cases of glioma from the (Dataset.GSE16011)
microarray database (www.ncbi.nlm.nih.gov/geo./query/acc.cgiacc= GSE16011)
profile of gene expression of GSE16011 was downloaded from (GEO- database).
Based on Agilent GPL8542 platform (Affymetrix-GeneChip-Human Genome-U133-
Plus-2.0 Array).Genes that express deferentially in High-Grade and Low-Grade
gliomas are found by GEO2R. RNA-sequencing data from (GBM) samples (dataset
ID: TCGA-GBM) and htseq counts were also downloaded from the "TCGA”
database (https://www.cancer.gov/) are included in the other validation sets. The
dataset included 5 samples of paracancer tissue (brain tissue that is positioned next
to malignant tissue) and 156 samples of glioma tissue. We used the integrated on-
line programmes UALCAN and iDEP 0.9330, hosted at http://ge-lab.org-idep/,
for data pre-processing and log transformation of normalized expression values.
When it comes to parameter selections, we selected a |log2.FC| (cutoff of 1) and
a g-value cutoff of 0.01 as well as log2(TPM + 1) transformed expression data
for plotting, TCGA tumors compared to TCGA normal, and GTEx normal for
matched normal data in plotting. For the examination of differential gene ex-
pression, we also applied the ANOVA statistical technique. TPM normalization
for gene expression analysis was utilized by UALCAN and GEPIA2. DEGs were
found using the DESeq2 method and the microarray data set (a minimum fold-
change of 2 and a false discovery rate (FDR) cut-off of 0.05). This reduced the
false positive rate and false discovery rate. Additionally, among the DEGs, 11 in-
flammatory genes with substantially differential expression and greater connection

were chosen as hub genes.

3.5.3 Protein Interactions & Gene Enrichment Ontology

The g: Profiler and David servers were used for gene ontology investigations [200,

201]. GO was used to find important signaling pathways and biological components


http://www.ncbi.nlm.nih.gov/geo/query/acc.cgiacc= GSE16011
https://www.cancer,gov/
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of differentially expressed genes. PPIs (protein-protein interactions) were used to
investigate variations in biological function. STRING.v.10 and Metascape were
employed to identify the source gene’s intrinsic interactions [202]. In addition,
information about the GBM target genes’ activities was obtained from a number of
databases, including PubMed, CTD, OMIM and PubMed, [203]. To illustrate the
network used to look into the significance of sources (DEGs) and targets proteins
in patients with glioblastoma ,Cytoscape version 3.6 software and Gene-MANIA
and were used. [204, 205].

3.5.4 Integration of Modelling and Pathway Enrichment

With statistically significant p-values 0.05, we used the Shiny GO Tool and Fun-
Rich Tool version 3.1.3 to examine the route enrichment of DEGs [206, 207]. Using
the Reactome, ”Kyoto Encyclopedia of Genes and Genomes” "KEGG”, and ” Wiki
pathways”, putative biomarkers were curated and mapped [208]. The biological

and signaling pathways of potential biomarkers were put back together using the

PathVisio3tool [209].

3.5.5 Analysis of Infiltrative Immune Cells

To investigate the Infiltration of different Immune Cells and their clinical im-
pact, the immune cell correlation study of mostly involved DEG from two groups
GFAP-positive and GFAP-negative groups in high grade gliomas were carried out
using the immunede-conv package in R and the CIBERSORT .x approach via the
TIMER-2.0 server. After configuring batch correction, starting ” Bulk-mode,” and
selecting the (quantile- normalization-process), sample data were purity-corrected
as needed. Then, correlations with a Spearman’s (p value,0.05) were shown. The
Wilcoxon rank-sum test was used to evaluate the differences between the two

groupings [210].
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3.5.6 Survival Analysis

Based on the optimal cut-off, we divided GBM samples into high and low GBM
classes using the R package surv Misc and the gepia-2 software. The relationship
between the expression of the GBM-associated genes under investigation and A
log-rank test, a Kaplan-Meier analysis, and a survival package were used to study

survival . A p-value of 0.05 or less was deemed to indicate statistical significance

211].

3.6 RQ3: Molecular Events (Mutations) Associ-
ated With the Glioma

3.6.1 Next Generation Sequencing (NGS) Analysis
3.6.1.1 Data Collection

The TCGA database had 163 tumor samples and 207 normal samples in the
glioblastoma data. We only used samples for which data for the Driver dbV3
database contained the four genomic platforms of expression of RNA, mutation in
genes, CNV | and gene fusion.Recent TCGA RNA and exome sequencing data were
downloaded via the GDC data portal (https://portal.gdc/.cancer.gov/), and they
were pre-processed using the Driver DBV3 portal. This portal includes the TCGA
2BED tool, for Methylation data from fire-hose (https://gdac.broad-institute.org/),
for TCGA R package, ”TCGA bio links” and CGC, which was collected from COS-
MIC (cancer.sanger.ac .uk/census) and the NCG 6.0 database, was used to define
cancer-related genes. These pairs’ mutation and CNV data were obtained through
the data portal. Using the Pathway Mapper database, the representing genes of
eleven traditional Pan-cancer signaling cascades/pathway were obtained [212]. In
the DriverDBv3 online datahub, at least seven algorithms (or 50 percent of all
algorithms) predicted the driver genes that were the subject of this investigation

213).
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3.6.1.2 Screening and identification of Driver Genes by Mutational

Analysis

Eight computational techniques were used by DriverDBV3 to locate cancer driver
genes. All mutations are used to identify driver genes by four approaches that
are based on mutation frequencies: MutsigCV, OncodriverFM, Simon, and Ac-
tiveDriver. The sub-network based approaches were implemented using MEMo,
Dendrix, MDPFinder, and NetBox. The DriverDBv3 database’s 15 well-known
driver geneX prediction methods were then utilised to determine the 80 driver
genes. Genes identified as driver genes by more than seven-algorithms are what

we refer to as driver genes [214].

3.6.1.3 DNA-Level Differences and Mutation Annotation

In our study, the glioblastoma driver gene TGFB1 and 10 genes associated with
pathways involved in oncogenesis were evaluated for DNA-level alterations like
CNV, gene mutation, and fusion of genes. For each subtype, a thorough investi-
gation of the prevalence of DNA changes and the number of samples with DNA
changes was conducted. All mutations were mapped to well-known databases, and
a variety of bioinformatics tools are displayed in the Annotation module to esti-
mate the functional effects of these changes [215]. DriverDBV3 uses data gathered
from numerous databases, including NHL.BI GO ESP, 1000-genomes, db-SNP,
COSMIC, ClinVar (http://www.ncbi.nlm.nih.gov/clinvar/), NHGRI GWAS cata-
logue, HGMD-PUBLIC, and OMIM (http://omim.org/), to annotate known vari-
ations.We used SnpEff and VEP to predict the impact of each mutation, including
, stop gained/lost, on synonymous coding, and frame-shift. Also, we assigned a
Driver Score of 7 to each mutation based on the 7 algorithms that classify the

mutation as harmful.
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3.6.1.4 Analysis of the Genomic Landscape Mutations

The mutations of DEG (GCSF) were examined using the cBioportal database and
the Active Driver DB, a human proteo-genomics database [216]. These are used
to visualize and analyze multimodal cancer genetics as well as find protein post-
translational modification (PTM) sites. Based on the TCGA database, cBioPortal
was used to evaluate gene modifications, a list of gene types, the relationship be-
tween gene mutations and a patient’s prognosis for developing GBM. The threshold

for significance was fixed at 0.05 [217].

3.7 RQ4: In-silico Studies for Drug Targets

3.7.1 Utilizing the NISIN Bacteriocin Peptide Complex

for Molecular Drug Docking
3.7.1.1 Visualization and Retrieval of Experimentally Reported NISIN

The target protein, GCSF (PDB: 5GW9), was provided with its crystal structure
by the Protein-Data-Bank (www.rcsb.com). The Uniprot database was used to
retrieve the sequence. [218]. Using the Chimaera algorithm, water molecules and

heteroatoms were removed from the PDB data.

The potential anticancer NISIN bacteriocin peptide (PDB: 1WCO) was also ac-
quired from the Protein-Data-Bank (www.rcsb.com) [219]. The protein and drug
library was developed using the Molecular Operating Environment (MOE) pro-
gram. Prior to energy minimization, proteins and ligands were given hydrogen
atoms using the protonate 3D method in MOE to get them ready for docking.
After minimization of energy, more unbounded structures were eliminated using
the AMBER99 force field. The best seven configurations were selected using the
force field refining technique. Protein-protein docking analyses of putative bac-

teriocins and the proteins that interact with them were validated using ClusPro
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www.rcsb.com

Research Methodology 67

[220]. UCSF Chimaera was used to assess and display the docking data [220, 221]

(www.cgl.ucsf.edu/chimera/download.html).

3.7.1.2 Evaluation and Validation of Models

The Procheck tool was used to confirm the overall structural geometry and stere-
ochemical precision of the protein structure [222]. Using the Ramachandran plot
statistics, the model’s stability was assessed, and the validity of the residues was
established. For the Ramachandran plot and Z-score analysis, four high-resolution
GCSF structures with PDB ID 5GW9 were chosen [223]. As an approach to com-
prehend the stability and adaptability of the docked model, NMA, or normal mode
analysis, was also applied. The iMod approach was used to calculate the stabil-
ity level. Along with the elastic network model, deformability, eigenvalue, and

covariance matrices were created [224].

3.7.1.3 Cytotoxicity Assay

The MTT test was used to calculate the cell viability percentage. A 96-well
culture plate with 1x10% SF-767 glioblastoma cells was used, and the cells were
treated to Nisin. It was used as a anti-inflammatory and an apoptotic agents,
at different concentrations (1, 5, 10, 30, 60, and 100 pug/mL) during 48 hours at
37°C. The cellular fraction was first labelled with MTT solution (5 mg/mL in PBS)
for 4 hours before being solubilized in 50 pL of dimethyl sulfoxide (DMSO). The
supernatant was then discarded. The plate also contained cells that had received
PBS treatment as a negative control. The absorbance was then calculated at 570

nm using 620 nm as a reference [175].
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Chapter 4

Results

4.1 Epidemiological Findings of Gliomas Patients

in Pakistani Population

There were 70 patients diagnosed with different Grades of glioma by Histopatho-
logical testing during study period 2018-2021. Clinical data and sampling were
done form tertiary care hospitals of Pakistan. It was estimated that approximately
more than 70% cases were diffuse gliomas. In this study total 55 patients hav-
ing High Grade-gliomas (Grade-III and Grade-IV) were scrutinized. And about
half of these patients had Grade-4 tumor as per specified by WHO (World Health
Organization). The average age of the participants were 50 4+ 13 years. Most fre-
quently affected site was frontal, temporal and parital region Of frontal lobe and
spinal cord and were observed in 38.2%, 50.9% and 10.9% respectively as shown in
table 4.1. When cases were stratified on the basis of histological subtypes, highly
cellular tumor with increased nuclear and cellular pleomorphism, and endothelial
proliferation were identified as most frequently diagnosed group of glial tumors
in our cohorts (n = 55). Glioblastoma was the most common malignant tumors,
with a proportion of 74.5% with (n = 41). The other most frequent histological
subtype of diffuse gliomas were Grade-I1T (n = 14). The other type of glial tumors
including Grade-I and Grade-II gliomas were excluded from the study. Through
statistical analysis it was observed that There was no significant difference in ages
of both the gender (P = 0.457). Nor did we record a significant difference in tumor
site with respect to gender (P = 2.06). Gender was significantly associated with
grade of tumor (P = 0.016) with nearly three-quarter males and females diag-
nosed with Grade-IV tumors. Proportion of diffuse glioma was more in males as
compared to females as shown in bar chart (Figure 4.1). Males had significantly
higher average tumor grade as compare to females (P = 0.05).
68
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TABLE 4.1: Comparative clinical demographical and epidemiological variables

Count Frequency %

Gender Male 40 72.7%
Female 15 27.3%
Age less than 18yrs 0 0.0%
18yrs-45yrs 38 69.1%
46yrs-55yTs 12 21.8%
56yrs and above 5 9.1%
WHO Glioma Grades
Grade-I11 14 25.5%
Grade-1V 41 74.5%
GFAP expression GFAP Positive 33 60.0%
GFAP Negative 22 40.0%
Ethnicity Asian 55 100.0%
MRI status Yes 55 100.0%
Histo-pathologic diagnosis  yes 55 100.0%
Site_of resection_or_biopsy Frontal 21 38.2%
Temporal 28 50.9%
Parital 6 10.9%
Bar Chart
Ghoma
Gardes
Groda v

Count

Gender

FIGURE 4.1: Descriptive frequencies in between gender and tumor Grades of
glioma patients
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Depicting the higher frequencies of Grade-IV in both male and female by consid-
ering P = 0.05 significant through chi-square test, and also males are significantly

higher in number than females diagnosed with Grade-IV glioma.

4.2 Expression of Inflammatory Genes Associ-

ated with Glioma

Patients Clinical Samples Wet Lab Analysis

4.2.1 Gene Expression Signatures in Distinct Spatial re-

gions of High Grade Gliomas by MRI and Histopathol-

ogy

High grade Glioma tumor were characterized by Magnetic resonance imaging of
axial slide of (T1-weighted MRI) after contrast administration with small areas
of patchy enhancement and (T2-weighted FLAIR), obtained prior to stereotactic
brain biopsy show a predominantly enhancing lesion within the left lobe with as-
sociated edema in (Figure 4.2A - 4.2B). Histopathology findings indicated that the
HE staining of high grade Glioma tissues had evident atypia and deeper staining
as compared to adjacent tumor associated normal tissues which showed agglom-
eration of less tumor cells around the periphery of necrotic regions, together with
some mitotic activity and vascular growth (Figure 4.2C). While (Figure 4.2D)
showed a high proliferation index, localized necrosis, hyperchromatic tumor cells
in a parallel fashion, and dense cellularity at 40X magnification power. Nonethe-
less, there may be instances in which combinations of many lineages contribute to

the tumor burden.
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FIGURE 4.2: Gene expression signature in high grade Gliomas by MRI and
histopathology

A)” Representative axial slices of T1-weighted MRI after contrast administration
with small areas of patchy enhancement. B) T2-weighted FLAIR obtained prior
to stereotactic brain biopsy show a predominantly enhancing lesion within the left
lobe with associated edema. C) Histopathology image of TANT depicting the ag-
glomeration of lesser tumor cells around the periphery of necrotic regions, together
with some enhanced mitotic activity and vascular growth. D) H&E staining also

shows the arrangement of small hyperchromatic tumor cells in a parallel fashion,
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which resembles the arrangement in neuronal tumors. The images were retrieved

using 40X magnification power.”

4.2.2 Immunohistochemical Confirmation for Diagnosis and
Grading of Positive GFAP Expression in High Grade

Gliomas

Within the recruitment period, we included 55 patients with single first-ever di-
agnosed space-occupying lesions in the brain. Table 4.1 depicts the baseline char-
acteristics of the study population. It also characterizes the entity of the lesions
that was reached after a full diagnostic workup, including histology in almost all

cases.

Thirty-three of the 55 included patients had positive GFAP expression. In view
of the MRI imaging data and the clinical progression all the cases were diagnosed
as having glioma. Fourteen patients had a lower grade Glioma (WHO III n =
14), and 19 patients had GBM. In our study, the Radiological findings based on
‘contrast-enhanced computer tomography’ (CT) revealed that the maximum cases
of glial tumors were metastasisized (Grade-IV) as compared to non-enhancing
Grade-(III). In the present study, glial tumors were widely reactive for GFAP
(Figure 4.3A). In GBM patients, GFAP expressions were significantly correlated
with tumor volume while considering p = 0.001. We compared histopathology
images of GFAP positive in Grade-III and Grade-IV glioma cases and found that
the 14 cases of glioma Grade-III showed less expression of GFAP as compared to
Grade-IV showed high expression of GFAP it is found direct proportional to the
number of cells after quantification of cell count by ImageJ as shown in figure 4.3B.
Although GFAP expression is considered to decrease with higher tumor grade, spe-
cific GFAP isoforms have been detected in increased amounts, as the abundance of
GFAP-¢ isoform has been identified in glioblastoma cells using immunohistochem-
istry. GFAP expression in tissue biopsy (Figure 4.3B) were significantly higher in
GBM patients compared to all other diagnostic entities (p < 0.001). This diagno-

sis was immunohistochemically proven in 33 GFAP—positive glioma cases (Figure
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4.3C). ROC analysis provided a comparable diagnostic accuracy and determine
the classification of Glioma grades by discriminating GFAP -positive and GFAP
-negative for optimal chemotherapy. ROC analysis provided a cut-off point of
>0.01 pg/L for an optimized differentiation between GFAP -positive and GFAP -
negative subjects [AUC 0.789 (95%CI 0.675-0.903). The fourfold panel revealed a

sensitivity of 70% to 95% to differentiate glioma cases from other diagnoses (Figure

4.3D) and Table 4.2.
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FIGURE 4.3: Immunohistochemical Confirmation of Positive GFAP expression
in high Grade-gliomas
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TABLE 4.2: ROC analysis provided a cut-off point of >0.01 ug/L for an
optimized differentiation between GFAP-positive and GFAP-negative subjects
[AUC 0.789 (95 %CI 0.675-0.903)]

Area Under the Curve
Test Result Variable(s): cell Count GFAP Positive Glioma
Asymptotic 95% Confidence Interval

Area Std. Er- Asymptotic Lower Bound Upper Bound
b

a

ror Sig.

789 .058 .000 .675 903

a. Under the nonparametric assumption

b. Null hypothesis: true area = 0.5

Table 4.2 ROC analysis provided a cut-off point of >0.01 ug/L for an optimized
differentiation between GFAP -positive and GFAP -negative subjects [AUC 0.789
(95 %CI 0.675-0.903)].

A) MRI scan obtained prior to stereotactic brain biopsy show a predominantly en-
hancing lesion within the left lobe with associated edema in Grade-III and Grade-
IV glioma patients. Histopathology image of Grade-III and Grade-IV glioma pa-
tient depicting the agglomeration of tumor cells around the periphery of necrotic
regions, together with enhanced mitotic activity and vascular growth. H&E stain-
ing also shows the arrangement of small hyperchromatic tumor cells in a parallel
fashion, which resembles the arrangement in neuronal tumors. The images were
retrieved using 40X magnification power. B) Box plots showing different GFAP
expressions based upon cell count in glioma Grade-III and Grade-IV at significance
level p = 0.05. C) IHC staining revealing glial fibrillary acidic protein positivity in
gliomas. The images were retrieved using 40X magnification power. D) Receiver
operating characteristics (ROC) analysis displaying sensitivity and specificity for
GFAP-positive glioma cases.

4.2.3 Quantitative Expression of Inflammatory Genes in

GFAP Positive Glioma

To evaluate the potential role of I1L-15, IL-6, IL-8, IL-10, TGF-3, and TNF-
a, NF-kB and sIl.-1Ra in glioma, we quantified the expression of all mentioned
inflammatory genes by Real Time PCR. In all genes mRNA and protein expres-

sion was significantly increased in glioma biopsy samples. We examined the gene
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expression of targeted genes among glioma specimen sections within tumor and
tumor-associated normal tissue (TANT). Tumor-associated normal tissue is ob-
tained from the vicinity of the tumor site and serves as a comparison or control
tissue for studying various aspects of tumor biology, including gene expression,
signaling pathways, and cellular interactions. In the current study it is obtained

from the region adjacent to the tumor mass.
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FIGURE 4.4: Quantification expression of inflammatory genes of GFAP-positive
glioma patients by RT-PCR

A) Elevated expression levels of the 8 candidate reference genes (IL-173, 1L-6, IL-8,
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IL-10, TGF-8, TNF-«, NF-£B and IL-1Ra) in biopsy tissue of glioma through RT-
PCR.B) The values of three biological replicates are shown, indicating a univariate
normality test. The graphs were plotted with the Graph Pad Prism 9 software by

considering significance level p = 0.05.
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FI1GURE 4.5: Quantification expression of inflammatory genes in GFAP-positive
glioma patients by Enzyme-Linked Immunosorbent Assay

A) Elevated expression levels of the 8 candidate reference genes (IL-14, IL-6, IL-

8, IL-10, TGF-8, TNF-«, NF-xB and IL-1Ra) in biopsy tissue of glioma through



Results 79

ELISA. B) Enzyme-Linked Immunosorbent Assay validated the expression of DEGs
in glioma patients with univariate normalization. The graphs were plotted with

the Graph Pad Prism 9 software by considering significance level p = 0.05.

4.2.3.1 Expression Profiling Through Heat Map Clustering, PCA,
UMAP and T-SNE of inflammatory genes

Heat map and clustering by expression profile similarity demonstrated that all
tumor samples clustered similarly, showing that the expression profile within a
tumor specimen is preserved across the specimen. This shows that the significant
variation in gene expression occurs across samples of various grades of the tumor,
followed by samples of the same grade, and finally, within a specific sample. Av-
erage linkage and correlation distance in 8 rows and 43 columns were grouped.
Heat maps showed that tumor cells have high expression of genes (GBM, red in
color) as compared to tumor associated normal tissue (TANT, green in color) in
respect to color range from green to red brown according to normalized Z-score
scale ranges from 0 to 100 (Figure 4.6A). Heat map clustering showed that tumor
cells have high expression of genes (GBM, red in color) as compared to tumor as-
sociated normal tissue (TANT, green in color) in respect to color range from green
(TANT) to red brown according to Z-score scale -2 to 2 (Figure 4.6B). Principal
component analysis (PCA) showed overall separation between the TANT (green),
Grade-III (yellow) and Grade-IV (brown) of patient samples. Rows are subjected
to unit variance scaling, and SVD (Single Value Decomposition) with imputation
is employed to determine the major components. Principal components 1, 2 and
3 which account for 68%, 8% and 7% of the total variance, are displayed on the
X, Y and Z axes, respectively (Figure 4.6C) and uniform manifold approximation
and projection (UMAP) also showed separation between control and diseased sam-
ples, specifically the TANT (green color cluster), Grade-III (yellow color cluster)
and Grade-IV (red brown) were clustered separately. More over the both grades of
glioma showed a dispersed pattern of distribution with others patient group neigh-
boring cluster and the TANT group showed very low variation, suggesting a high
degree of heterogeneity among patients (Figure 4.6D). T-SNE scatter plot of the
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samples depicts the clustering patterns of the samples according to the expression
of genes. The transverse ordinates represent the principal components; the yellow
and brown color in the graph represent the samples, and the green color represent

the TANT showing wide heterogeneity among the samples (figure 4.6E).
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FIGURE 4.6: Expression of glioma patients through Heat Map Clustering, PCA,

UMAP & T-SNE of inflammatory genes.
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A) Heat Map clustering of glioma samples based on eight differentially expressed
genes with the highest coefficient of variation across all samples. Rows are cen-
tered; unit variance scaling is applied to rows. Both rows and columns are clustered
using correlation distance and average linkage. Heat maps colored from green to
red brown according to normalized Z-score displayed on color scale 0 to 100. B)
Heat Map clustering of glioma samples based on 8 candidate reference expressed
genes with the highest coefficient of variation across all samples also consistent
with the clustering Rows are centered; unit variance scaling is applied to rows.
Both rows and columns are clustered using correlation distance and average link-
age. Heat maps colored from green (TANT) to red brown (GBM) according to
scale. C) Unit variance scaling is applied to calculate principal components. X,
Y and Z axis show principal component 1, 2 and 3 principal component 3 that
explain 68%, 8% and 7% of the total variance. D) Uniform manifold approxima-
tion and projection (UMAP) analysis showed separate clusters in between TANT,
Grade-IIT and Grade-IV.E) T-SNE scatter plot of the samples depicts the cluster-
ing patterns of the samples according to the expression of genes. In the diagram,
the transverse ordinates represent the principal components; the yellow and brown

color in the graph represent the samples, and the green color represent the TANT.

4.2.4 Quantitative Expression of Inflammatory Genes in
GFAP Negative High Grade Glioma (Glioblastoma)

Patients

In the current study GCSF was used to investigate the GFAP marker in the GBM
samples, as the expression of GCSF is correlated with the GFAP reported in
the previous literature. To evaluate the potential role of GCSF, GCSFR and
STATS3 in high grade Glioma (glioblastoma), we quantified the expression of all
mentioned inflammatory genes by Real Time PCR. In all genes mRNA and protein
expression was significantly increased in glioblastoma biopsy samples. We exam-
ined the gene expression of targeted genes among glioblastoma specimen sections

within tumor and tumor-associated normal tissue (TANT). All tissue samples were
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initially cut from four regions of the specimen, but samples with sufficient RNA
quality and quantity was subjected to RT-PCR analysis of gene expression (Fig-
ure 4.7A). GCSF, GCSFR and STATS3 exhibited increased expression in tumor
tissue biopsy samples. These data are also consistent with ELISA findings (Figure
4.8A). The values of three biological replicates are shown, indicating a univariate
normality test both in RT-PCR and ELISA (Figure 4.7B - 4.8B).However these
findings reveled inverse proportion with the expression of GFAP. GCSF, GCSFR

and STAT3 exhibited increased expression in tumor tissue biopsy samples.
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FIGURE 4.7: Quantitative expression of inflammatory genes in GFAP negative
high grade glioma (glioblastoma) through RT-PCR

A) Expression levels of the 3 candidate reference genes (GCSF, GCSFR and
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STAT3) in biopsy tissue of glioblastoma through RT-PCR. B) The values of
three biological replicates are shown, indicating a univariate normality test. The

graphs were plotted with the Graph Pad Prism 9 software.
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FI1GURE 4.8: Quantitative expression of inflammatory genes in GFAP negative
high grade glioma (glioblastoma) through ELISA

A) Expression levels of the candidate reference genes (GCSF, GCSFR and STAT3) in biopsy
tissue of glioblastoma through ELISA. B) The values of three biological replicates are shown,
indicating a univariate normality test. The graphs were plotted with the Graph Pad Prism 9

software.

4.2.4.1 Expression through heat-map clustering their correlation PCA
and UMAP in Glioblastoma

Heat map and clustering by expression profile similarity demonstrated that all
tumor samples clustered similarly, showing that the expression profile within a
tumor specimen is preserved across the specimen. This shows that the significant
variation in gene expression occurs across samples of various grades of the tumor,
followed by samples of the same grade, and finally, within a specific sample. Av-

erage linkage and correlation distance in 3 rows and 32 columns were grouped.
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Heat maps showed that tumor cells have high expression of genes as compared to
tumor associated normal tissue in respect to color range from blue to red brown
according to Z-score scale —1 to 1 (Figure 4.9A) and similar pattern also observed
in that tumor cells have high expression of genes as compared to tumor associated
normal tissue in respect to color range from green to red brown according to the
scale range 0-100 (Figure 4.9B).Principal component analysis (PCA) showed over-
all separation between the TANT(C) and GBM (GB) patient samples. Rows are
subjected to unit variance scaling, and SVD with imputation is employed to de-
termine the major components. Principal components 1 and 2, which account for
77% and 19% of the total variance, are displayed on the X and Y axes, respectively
(Figure 4.9C) and uniform manifold approximation and projection (UMAP) also
showed separation between control and diseased samples, specifically the TANT
(marked as C) and GBM (marked as GB) were clustered separately. More over the
GB showed a dispersed pattern of distribution with others patient group neighbor-
ing cluster and the C group showed very low variation, suggesting a high degree
of heterogeneity among patients (Figure 4.9D). The expression of GCSF and its
receptor was confirmed by the receiver operating characteristic (ROC) curves for
each of our predictive schemes in the categorization of patients based on their IV
malignancy and was also employed to classify glioblastoma based on the combi-
nation of three distinct feature types: histopathology , expression, and magnetic
resonance imaging characteristics Similarly, the GCSF and GCSFR cut-off point
was determined for which accuracy measures were derived from cross-tabulations

(Figure 4.9E).
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A) Heat Map and hierarchical grouping of glioblastoma samples based on three
differentially expressed genes with the highest coefficient of variation across all
samples. Rows are centered; unit variance scaling is applied to rows. Both rows
and columns are clustered using correlation distance and average linkage. Heat
maps colored from blue to red brown according to Z-score scale —1 to 1, repre-
senting TANT gray in color and GBM red in color B) Heat Map of glioma samples
based on 3 candidate reference expressed genes with the highest coefficient of vari-
ation across all samples also consistent with the clustering Rows are centered; unit
variance scaling is applied to rows. Both rows and columns are clustered using
correlation distance and average linkage. Heat maps colored from green to red
brown according to scale 0 - 100. C) Unit variance scaling is applied to calculate
principal components. X and Y axis show principal component 1 and principal
component 2 that explain 77% and 19% of the total variance. D) Uniform mani-
fold approximation and projection (UMAP) analysis showed separate clusters in
between C and GB. However, suggesting a high degree of heterogeneity for the tu-
mor brain in individual patients of glioblastoma. E) ROC curves show specificity

of GCSF and GCSFR in the prognosis of glioblastoma.

4.3 Expression of Inflammatory Genes on Can-

cer Cell Line Human Glioblastoma SF-767

In vitro expression study of NF-xB p65 (RelA) and TNF«a in SF-767
Glioblastoma cell line after treated with Temozolomide and Celecoxib
In the current study the expression of NF-£B p65 (RelA) and TNF« have been
investigated with the effect of chemotherapeutic drug (Temozolomide) and NSAID
(Celecoxib) by using human glioblastoma cell line SF-767 to study the NF-xB sig-
naling pathway. From the 8 panel inflammatory genes of GFAP positive GBM
group, NF-kB p65 (RelA) was selected to further investigate the effect and ex-
pression through invitro studies, as NF-xB p65 (RelA) is a transcription factor

that regulates the expression of many cytokines proinflammatory genes (TNF«)



Results ]8

and inflammatory genes ( IL-15, IL-6, IL-8, IL-10 and TGF-3) in tumor microen-

vironment and progression of GBM as already reported in the previous literature.

Treatment with Celecoxib and temozolomide impact on glioblastoma
cells

The TMZ (temozolomide) treatment effects on the glioblastoma SF-767 cell line
were evaluated for 48 hours at concentrations of 10, 50, 100, 150, and 200 pM.
The SF-767 cell line was exposed to TMZ 10 uM, and following the treatment,
the cells were inhibited by 33.1%. A higher TMZ concentration (200 pM) was
more lethal, resulting in 89% of the GBM cells dying following the treatment.
Similarly, after being treated for 48 hours with 10 uM of Celecoxib, 12.8% of the
cells died. In contrast, after being treated for 48 hours with 200 uM of Celecoxib,
75% of the cells died (Figure 4.10A). The findings demonstrated that as treatment
concentration and duration increased, cell viability declined. The MTT (3-[4,5-
dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide) experiment demonstrated
that a larger dose of TMZ had a greater cytotoxic impact, as shown in figure
4.10A.

Moreover, the expression of inflammatory biomarkers NF-kB p65 (RelA) and
TNF« was studied after treatment with temozolomide and Celecoxib. A quantita-
tive RT-PCR analysis was performed in SF-767 cell line treated temozolomide with
three concentrations (50 M, 100 pM and 150 M) to assess the mRNA expression
level of inflammatory genes (NF-xB p65 (RelA) and TNF«). Pro-inflammatory
genes were significantly elevated in the stress groups after stimulation with IL-1
beta, a potent stimulator of the inflammatory responses. The cells were treated
for 48hrs. Compared to the stress group, the TMZ did not significantly reduce
the expression of NF-xB p65 (RelA) and TNF«a of the Glioblastoma SF-767 cell
line in a dose-dependent manner (Figure 4.10B - 4.10C). Furthermore, the mRNA
expression level of NF-xB p65 (RelA) and TNF« in the Celecoxib-treated SF-767
cell line was studied at a similar concentration as TMZ. Compared to the stress
group, Celecoxib significantly reduced the expression of NF-xB p65 (RelA) and
TNF« of the Glioblastoma SF-767 cell line in a dose-dependent manner (Figure
4.10D-4.10E).
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The ratio of GBM cells that were inhibited after being treated for 48 hours with
TMZ and Celecoxib at various doses.

(A) Black and red curve TMZ and Celecoxib in a dose-dependent manner. In-
creasing the concentration of any of these drugs makes the cytotoxic response more
potent. (B) The mean and standard deviation of three independent experiments
are used to illustrate the quantitative analysis of MTT. When compared to the
untreated control, *p<0.05 and **p<0.01 are significant. Quantitative RT-PCR
analysis of mRNA expression levels of inflammatory marker NF-xB p65 (RelA)
in Glioblastoma SF-767 cell line treated with TMZ at 50 pM,100 M and 150
uM. The GAPDH gene was used as the internal control to normalize the data.
IL-1B was used as stress to trigger an inflammatory cascade. The mRNA expres-
sion of genes was computed in fold change compared to the control .The data
are presented as the mean £ SD of the triplicate tests compared with the control
group (P < 0.05 for each). (C) similarly, mRNA expression levels of inflammatory
marker TNFa in the Glioblastoma SF-767 cell line treated with TMZ at 50 uM
,100 uM and 150 pM.(D) Quantitative RT-PCR analysis of mRNA expression lev-
els of NF-xB p65 (RelA) in Glioblastoma SF-767 cell line treated with celecoxib at
50 uM ;100 pM and 150 M. The GAPDH gene was used as the internal control
to normalize the data. (E) Similarly, mRNA expression levels of TNF« in the
Glioblastoma SF-767 cell line treated with celecoxib at 50 pM, 100 M and 150
M.

4.4 Mapping and Prioritizing of Inflammatory

Biomarkers of Glioma

Mapping and Data Mining

Literature data from PubMed and Core mine

Literature data is retrieved using PubMed database for group I(Glioma), group II
(Glioblastoma )with applying filter of Text Availability as ‘Abstracts’ and Publica-
tion dates as 10 years’. Total 18792 results were obtained for group I 4 II. These
terms were co-occurring in the abstracts and full text of the published articles
.Coremine extract keywords from medical literature. Coremine was used to de-

crease the redundancy of results of RapidMiner and to avoid the biasness. Glioma
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and Glioblastoma keywords were obtained with their frequency of occurrence for
group I and II respectively. From the results of Coremine we found Glioma’ (dis-
ease) (73360 articles), Glioma’ (disease) (55630 connections) And Glioblastoma’
(disease) (50897 articles) in the year between from 2014-2022. The other associa-
tions related to glioma with different nodes for example, Disease, drugs, symptoms,

molecular functions and cellular components etc. are also shown in the figure 4.11.
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FIGURE 4.11: Data Mining using PubMed and Coremine.
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Selected data for all the two groups (Glioma, Glioblastoma) then visualized using

Coremine plugin of preferred layout view.

4.5 Global Microarray Bioinformatics Analysis

4.5.1 Microarray Analysis and Normalization of Driver In-
flammatory Genes (IL-13, IL-6, IL- 8, IL-10, TGF-3,
TNF-a, NF-xB p65, IL1Ra) of High Grade Glioma

Tumorigenesis

We obtained 252 samples of High grade gliomas-related Affymetrix (CELL format)
cDNA dataset GSE16011. AffyBatch has 712 x 712, 1164 x 1164, 1050 x 1050,
and 732 x 732 array sizes. DEGs were detected by applying the GEO2R online
analysis tool, setting adjust P-value < 0.05 and |logFC| > 2 as selection criteria.
In this analysis total samples consisting of 85 grade-III and 159 Grade-IV and 8
healthy controls. The analysis of 17527 genes analyzed through GEO2-R package
identified 7394 expressed genes in healthy control vs grade-I1I, 8305 differentially
expressed genes in healthy control vs Grade-IV and 8831, differentially expressed
genes in Grade-III vs Grade-IV samples. There were 3412 up regulated and 3981
down regulated genes in healthy control vs. Grade-III glioma patients (Figure
4.12A). Similarly, 4381 and 4423 genes were upregulated and downregulated genes
in healthy control vs Grade-IV respectively among 8805 genes (Figure 4.12B).
In case of Grade-III vs Grade-IV, 5285 genes found to be upregulated and 3546
downregulated (Figure 4.12C). As shown in figure 4.12D-4.12E-4.12F, the mean
difference plot of same DEGs has been highlighted. The density estimation of
data is shown by the histograms representing expression after normalization. The
array distributions have similar shapes and ranges, indicating that the data is of
good quality. The right-hand distribution of the array reveals a high background
level (Figure 4.12G). Mean-Variance relationship of Expression Data shows strong
mean-variance trend in present data. In the (figure 4.12H), each point represents

a gene. The blue line represents constant variance and red line highlights removal
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of drop trend in mean-variance trend approximation of normalized data. Limma
Venn diagram analysis was used to explore and download the overlapped genes
between multiple contrasts. The analysis identified 4734 differentially expressed
genes having p-value less than 0.05 in three categories. We first investigated the

degree of overlap between DEGs of each signature.

Of the 4734 total DEGs, 3149 (96.6%) were common to each signature. In group
1 (healthy control vs Grade-III) 158 (3.33%) and in group2 (healthy control vs
Grade-1V) 558 (11.78%) and in group 3 (Grade-III vs Grade-IV) 2992 (63.20%)
were differentially expressed. while 3247 genes were common between two groups
healthy control vs Grade-III and healthy control vs Grade-IV, and 839 were com-
mon between healthy control vs Grade-III and Grade-III vs Grade-IV and sim-
ilarly 1850 were unique in between healthy control vs Grade-IV and Grade-111
vs Grade-1V all groups (Figure 4.12I). However, the 8 driver Inflammatory genes
(IL-15, IL-6, IL- 8, IL-10, TGF-3, TNF-«a, NF-xB, IL1Ra showed significant p
value in particular 3 groups as shown in table 4.3. Specifically, these DEGs sug-
gesting that transcriptomic-wide changes are more prominent during late phases

of neoplastic progression.

Moderated t-statistic quantile-quantile (q-q) plot was used to analyze the quantiles
of data samples against the theoretical quantiles of a Student’s t distribution to
validate Limma test results. As shown in (figure 4.12J), the points lie along a
straight line, meaning that the values for moderated t-statistic computed during
the test follow their theoretically predicted distribution. In (figure 4.12K), UMAP
plot shows uniform manifold approximation and dimension reduction in order to
visualize significant relationship among the samples. The nearest neighborhood
considered significant in the plot. Specifically, the UMAP function was used with
15 nearest neighbors explaining the greatest degree of variance among healthy
control, Grade-IIT and Grade-IV corrected high grade glioma meta-datasets. Plot
densities have been highlighted using R Limma to view the distribution of values

among three categorizations to validate normalization as UMAP analysis.



TABLE 4.3: Differentially expressed inflammatory genes (IL-14, IL-6, IL- 8, IL-10, TGF-3, TNF-«a, NF-xB, IL1Ra) of High grade Glioma
in Microarray Dataset Analysis

Control Vs Control Vs Glioma Garde IIT Vs

Glioma Garde Glioma Garde Glioma Garde IV

II1 v
1D log2 minus log2 log2 log2 minus log2 log2 log2 minus log2 log2

(fold Logl0 Exp FC (fold log10 Exp FC (fold log10 Exp FC

change) (P change) (P change) (P

value) value) value)
4790_.at Nfx B -0.677 4.894 8.481 -0.677 4790.at 0.853  7.538  4790.at 8.481  0.853  4790.at -0.176 2.796  4790_at8.481 -0.176
7040_.at TGFB -0.846 2.256  6.924 -0.846 7040.at 1.425  5.58 7040_at 6.924  1.425  7040_at -0.578  6.52 7040_at6.924  -0.578
3553.at IL1IB - - - - 3553.at 1.271  3.064  3553.at 7.465  1.271  3553.at -0.548 3.939  3553_at7.465 -0.548
3586._at IL10 - - - - 3586.at - - 3586.at - - 3586.at - - 3586_at- -
3569_at IL6 - - - - 3569_at - - 3569_at - - 3569_at -0.794 6.586  3569_at6.042 -0.794
7124_at TNF - - - - 7124 at - - 7124 at - - 7124 at - - 7124 _at- -
o

3557_at ILRa - - - - 3557_at - - 3557_at - - 3557_at -0.103 4.088  3557_at5.113 -0.103
3576_at ILS8 - - - - 3576_at 2.649  4.342  3576.at 6.653  2.649  3576.at -1.675 10.833 3576_at6.653 -1.675
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FIGURE 4.12: Microarray analysis and Normalization of driver inflammatory
genes of High grade glioma tumorigenesis

A-B-C) Differentially expressed gene of glioma showed all upregulated and down-
regulated genes in the three groups control vs. Grade-III glioma, healthy control
vs Grade-1V and Grade-I1I vs Grade-IV and were selected by volcano plot filtering
(fold change > 1 and P-value < 0.05). D-E-F) the mean difference plot of same
DEGs has been highlighted and displayed log2 fold change versus average log2
expression values to visualized differentially expressed genes. G) The histogram
shows the density of the data analyzed. Normally, the proportions of the clusters
have comparable shapes. Significant levels of background shifted the intensities of
the different arrays toward the right. H) Mean-Variance relationship of Expression
Data shows strong mean-variance trend. I). Limma Venn diagram analysis was
used to explore and download the overlapped genes between multiple contrasts.

The analysis identified 4734 differentially expressed genes having p-value less than
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0.05 in three categories (healthy control vs Grade-I1I), (healthy control vs Grade-
IV) and (Grade-1III vs Grade-IV). J) Moderated t-statistic quantile-quantile (q-q)
plot was used to analyze the quantiles of data samples against the theoretical
quantiles of a Student’s t distribution to validate Limma test results. K) UMAP
plot shows uniform manifold approximation and dimension reduction in order to

visualize significant relationship among the samples.

4.5.2 Global RNA-Seq Bioinformatics Analysis

Expression analysis through UALCAN and IDEP

We obtained another datasets comprised of 156 samples of High grade gliomas
and 5 samples of normal tissue for RNA- seq analysis through UALCAN, set-
ting adjust P-value < 0.05 and [logFC| > 2 as selection criteria (transcript per
million). The gene expression analysis provided information about relative Dif-
ferential expression levels of the gene (IL-13, IL-6, IL-8, IL-10, TGF-3, TNF-«,
NF-xB, IL1Ra) in normal versus tumor samples of glioblastoma (GBM). The in-
flammatory genes IL-8, IL.-10, TGF-£, and NF-xB were upregulated while IL-17,
IL-6, IL1Ra and TNF-«, were showed down regulation of expression as illustrated
in (Figure 4.13A). For each tumor subgroup, the box-whisker plots present in-
terquartile ranges (IQRs), including minimum, 1! quartile, median, 3"¢ quartile,
and maximum values. Similarly the expression of inflammatory genes were also
consistent to the RNA- seq data obtained from TCGA data base comprised of 163
GBM tissue and 5 normal tissue analyzed by IDEP analyzing tool as shown in
(Figure 4.13B). With FDR <0.01 and fold change >2 as cutoffs, we used DESeq2
to identify DEGs. The whole transcriptome was built via the assembled reads
obtained from the alignment files. The expression was determined in the form of
fragments per kilo base of transcript per million mapped reads (FPKM). Read
count and FPKM values were calculated for each assembled gene/transcript. The
two group types up samples control and down samples control have differential
transcription profiles, with identified DEGs. The 3 inflammatory genes (IL-8, IL-

10, TGF-3) were shown up regulation in up sample control while the four genes
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(IL-15, 1L-6, IL1Ra and TNF-«) were downregulated shown in down sample con-
trol as illustrated in Venn diagram in (Figure 4.13C).Furthermore, the gene count
of all samples was used in the differential-expression-related analyses as the pre-

ferred input.

The preprocessed results of all disease samples (green color density curve) showed
comparative similarity as compared to control sample (red color density curve)
and were graphically presented as a read count bar plot in terms of expression
and a distribution of a density plot of transformed data (Figure 4.13D). Using a
threshold of false discovery rate (FDR) <0.1 and fold-change >2. The MA plot
(Figure 4.13E) and the interactive MA plot (Figure 4.13F) show that inflammatory
genes leads to significant transcriptomic response. The up and down-regulated
genes are then subjected to enrichment analysis based on the hyper geometric
distribution. The heat map of DEGs were derived from both the comparisons and
divided in to two cluster groups’ (representing blue and yellow bar) disease disease
sample groups (red in color) and control sample group (green in color) through

K-mean as shown in Figure 4.13G.
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F1GURE 4.13: Global RNA-seq expression analysis.

A) Box-whisker plots showing the expression of inflammatory genes (IL-1/5, IL-6,
IL- 8, IL-10, TGF-5, TNF-a, NF-£B, IL1Ra) in glioblastoma samples (GBM).B)
Bar chart showing Differential expression of (IL-13, 1L-6, IL- 8, 1L-10, TGF-£,
TNF-a, NF-kB, IL1Ra) in normal and GBM samples. C) Venn Diagram showed
the overlap between down regulated and up regulated inflammatory genes GBM
samples. D) The GBM samples ( green color density curve) showed comparative
similarity as compared to control sample (red color density curve) and were graph-
ically presented as a read count bar plot in terms of expression and a distribution
of a density plot of transformed data. E-F) The MA plot and interactive MA plots
for deferentially expressed genes between control and GBM showed up regulation
and down regulation. G) K-means heat map with 2 different set of clusters (yellow
and blue) of identified module by iDEP servers for deferentially expressed genes

between control (Green color) and GBM (Red).
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4.5.3 Principle Component Analysis and T-SNE

PCA plot using the first and second principal components is shown in (Figure.
4.14A). There is a clear difference of expression between the disease samples
(GBM) and the control samples groups. The samples from the control group
clustered the upper portion of the graph. The samples from the GBM group clus-
tered on the opposite side. The first principal component that explains 45% of
the variance and second principal component that explains 16% of the variance
Plot using multidimensional scaling (MDS), and t-SNE (Figure 4.14B). This also
showed a similar distribution of the samples and were considered significant for
pathway enrichment analysis by treating the loadings of the principal components
as expression values. The differential expression analysis via DEseq2 revealed
up- and downregulated inflammatory genes among the control and glioblastoma

(GBM) groups used in the study.

Principal component analysis (PCA)
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FiGURE 4.14: PCA and T-SNE analyses.

A) PCA indicate the substantial differential expression among control and disease
(GBM) sample groups, with the PC1 with 45% variance and PC2 with 16% vari-

ance and was consistent with the cluster distribution in T-SNE plot analysis by
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K-means in B.

4.6 Differentially Expressed Inflammatory Genes
Validation

To validate the inflammatory gene expression across 163 human brain tumor sam-
ples compared to 207 normal matches, we used the GEPIA webserver. To validate
the inflammatory gene expression across 163 human brain tumor samples com-
pared to 207 normal matches, we used the GEPIA webserver. The expression was
compared on the basis of grade classification. Through GEPIA the normal tissue
data was used from the GTEx project to provide a reliable baseline for compari-
son. Inflammatory genes expression between tumors, their matched normal, and

data from the GTEX database were compared.
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Tissue gene expression validation of 8 inflammatory genes according to the GEPIA2
showed significant (*p < 0.01) differential expression between LGG, GBM and nor-
mal tissue. The cut-off value for log2FC (fold change) was 1. We used a p-value
threshold of 0.01 and a jitter size of 4. TPM is an acronym for transcripts per
million.

To validate the global relevance of our data GBM patients, we performed a compre-
hensive integrated analysis of respective genes (IL-13, IL-6, IL- 8, IL-10, TGF-£,
TNF-«, NF-kB, IL1Ra) by retrieving GBM microarray data and RNA-sequence
data from genome atlas databases. Using GEPIA2, TCGA, and GTEX integrated
platform with the integration of R, we discovered that the expression of IL-17,
IL-6, 1L- 8, IL-10, TGF-8, TNF-a, NF-xkB, IL1Ra were found higher in GBM
samples (n=163) However, IL6 showed down expression in low grade Glioma sam-
ples (n=518) compared to normal brain tissues (n=207). The expression was

considered according to log2FC (fold change) as shown in (Figure 4.15).

4.7 Independent Prognostic Analysis and Clini-

cal Correlation Analysis

We analyzed the correlation of overall survival (OS) and disease free survival (DFS)
with elevated expression among the 8 inflammatory genes (IL-15, 11-6, IL- 8, IL-
10, TGF-8, TNF-«, NF-xB, IL1Ra).In GBM patients, the higher expression of ILS,
correlated with poor OS .Based on TCGA data in Gepia2, the prognosis analysis
demonstrated that GBM patients with high IL- 8 expression had inferior OS (p =
0.049; HR: 1.4; 95% CI) in comparison to patients who had low IL8 expression.
Whereas this association was not present for other 7 genes with elevated expression
i.e. IL-18 (p = 0.46; HR: 1.1; 95% CI); IL1Ra (p = 0.41; HR: 1.2; 95% CI); IL-8
(p = 0.15; HR: 1.3; 95% CI); IL-10 (p = 0.26; HR: 1.2; 95% CI ); TGF-B(p =
0.42; HR: 1.2; 95% CI); TNF-a(p = 0.66; HR: 1.1; 95% CI); NF-kB(p = 0.49;
HR: 1.1; 95% CI) as shown in (Figure 4.16A).

In addition, the increased IL-6 and TGF-£ expression exhibited poor Disease free
survival(DFS) in GBM patients (p = 0.0077; HR: 1.8; 95% CI) and (p = 0.048;
HR: 1.5; 95% CI) respectively, but does not show significant correlation for I11.-13
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(p = 0.16; HR: 1.3; 95% CI); IL1Ra (p = 0.41; HR: 1.2; 95% CI); IL-6 (p = 0.074;
HR: 1.4; 95% CI); IL-10 (p = 0.16; HR: 1.3; 95% CI); TNF-a(p = 0.5; HR: 0.86;
95% CI); NF-kB(p = 0.49; HR: 1.1; 95% CI) of GBM Patients as shown in (Figure
4.16B). The results demonstrated that the high IL- 8 expression had significant
correlation with poor prognosis of OS in TCGA dataset for GBM patients, while
IL- 8 did not display significant correlation with DFS from TCGA dataset for
GBM patients, whereas 1L-6 and TGF-/ expression had significant correlation
with DFS from TCGA dataset for GBM patients.
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FIGURE 4.16: The relationship with expression of inflammatory genes and
prognosis in GBM
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A) Kaplan-Meier curves of overall survival (OS) showed the high IL-8 expression
had significant correlation with poor prognosis of OS. B) In Disease free survival
(DFS) in GBM patients, the increased IL-6 and TGF-{ expression exhibited poor
Disease free survival (DFS) in GBM patients. Whereas the blue line indicates
low expression group, the red line indicates high expression group, dashed line

indicates 95% CI and HR, Hazard ratio.

The results demonstrated that the high IL- 8 expression had significant correlation
with poor prognosis of OS in TCGA dataset for GBM patients, while IL- 8 did not
display significant correlation with DFS from TCGA dataset for GBM patients,
whereas [L-6 and TGF-f expression had significant correlation with DFS from
TCGA dataset for GBM patients.

4.8 Variegated Expression and Prognostic Value

of GCSF, GCSFR, and STATS3

To investigate the global relevance of our GBM patient’s data, we performed a com-
prehensive integrated analysis of transcriptomic and proteomic profiling of respec-
tive genes by retrieving GBM RNA-sequence data from genome atlas databases.
Using the GEPIA2, TCGA, and GTEX integrated platform with the integra-
tion of R, we discovered that the expression of GCSFR and STAT3 were higher
in GBM samples (n = 163) compared to normal brain tissues (n = 207) (Fig-
ure 4.17A). However, GCSF expression was not significant, similar to our finding
where GCSF expression was higher in GBM samples but difference did not reached
to 1log2FC (fold change). To study the link between the differential expression of
GCSF, GCSFR, and STAT3 genes and GBM patient prognosis, we assessed the
correlation between differential expression and overall survival with GEPIA2. It
demonstrated that patients with a high expression of GCSF, GCSFR and STAT3
had a lower overall survival (Figure 4.17B). The survival heat map of hazard ra-
tio Logl0 (HR) indicated the prognostic impacts of GCSF, GCSFR and STAT3
and compared the survival contribution of GCSF, GCSFR and STAT3 by using
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Mantel-Cox test. The hazard ratio values for GCSF, GCSFR, and STAT3 were 2.3,
1.5 and 1.2, respectively (Figure 4.17C). The correlation between GCSF (CSF3)
and GCSFR (CSF3R) was analyzed, and highly correlate in glioblastoma patients
with an optimum cut-off median at significance level p = 0.05. The high corre-
lation between GCSF (CSF3) and GCSFR (CSF3R) was considered significant
and positive, with R-value of 0.37 (Figure 4.17D), which demonstrated a positive
correlation between OS and variation of expression. These results suggest that
differential expression of GCSF, GCSFR and STAT3 impart a critical role in the
prognosis of patients with GBM and may prove an appropriate survival predictor

in these patients.
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FIGURE 4.17: GCSF, GCSFR and STAT3 expression, survival analysis, heat-
map and their correlation in glioblastoma

A) Tissue gene expression according to the GEPIA2, TCGA and GTEX databases.
GCSFR, GCSF, and STAT3 show significant (*p < 0.01) differential expression
between GBM and normal tissue. The cut-off value for log2FC (fold change) was
1. We used a p-value threshold of 0.01 and a jitter size of 4. TPM is an acronym
for transcripts per million. B) Using the GEPIA2, TCGA, and GTEX platforms,
Kaplan-Meier survival graphs were generated. The overall survival curve of several
malignant tissues was investigated between a high expression group (red line) and

a low expression group (blue line) of GCSFR, GCSF, and STAT3, using p = 0.01
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as the threshold for statistical significance. C) The survival heat map of hazard
ratio (HR) indicates the prognostic impacts of highly significant expressed genes,
e.g. GCSF logl0 (HR) = 2.3, GCSFR logl0 (HR) = 1.5 and STAT3 log10 (HR) =
1.2. D) The correlation analysis of GCSF, GCSFR, and STAT3 has been depicted.
GCSF and GCSFR revealed a high correlation with an R-value of 0.37.

4.9 Protein Interactions and Gene Enrichment

Ontology of Inflammatory Genes

The biological roles of inflammatory genes (IL-15, IL-6, 1L-8, IL-10, TGF-g,
TNF-«, NF-£B, IL1Ra, GCSF, GCSFR and STAT3) and the aforementioned co-
expressed genes were investigated using Metascape and g profiler (Figure 4.18A).
The enrichment background is comprised of all genes in the genome. Terms with
a minimum count of 3, p-value < 0.01, and an enrichment factor > 1.5 (Enrich-
ment factor is the ratio of observed numbers to the expected counts by chance)
were retrieved and clustered based on their association similarities. Furthermore,
p-values are determined using the cumulative hyper geometric distribution. In con-
trast, g-values are determined using the Benjamini-Hochberg process to account
for multiple tests when performing hierarchical cluster analysis on the enriched
terms. Kappa scores are taken as the similarity metric, and sub-trees with a
similarity > 0.30 are considered clusters. The term having the highest statisti-
cal significance is selected to represent the cluster resulting in the inactivation of
GCSF signaling at Logl0 p = -9.30 and Logl0 q = 5.01 (Figure 4.18B). The most
frequent terms are shown in the bar chart representing the p-value of immune sys-
tem process, signaling and response to stimulus in response of GCSF, GCSFR, and
STAT3 (Figure 4.18C). In addition, a network map of the enriched terms with log
p-values was constructed showing all genes in different color nodes (Figure 4.18D).
An enrichment study of protein-protein interactions of respective genes was per-
formed using the following databases: STRING, BioGrid, OmniPath, and InWeb
IM. Only physical interactions in STRING (physical score > 0.132) and BioGrid

have been used. The resulting network comprises the subset of proteins interacting
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physically with at least one other component. The Molecular Complex Detection
(MCODE) algorithm has been applied to identify densely connected network com-
ponents (Fig.4.18E- 4.18F). MCODE]1 was associated with inactivation of CSF3
(GCSF) signaling, signaling by CSF3 (GCSF), and JAK/STAT signaling path-
way and prostaglandin signaling. However, the Gene Ontology analysis of DEGs
showed significant enriched terms (p-value < 0.05) of all inflammatory genes in
two groups (GFAP positive and GFAP negative ). To further analyze the rela-
tionship between gene and disease, the function of the gene and its regulation,
subtypes, and cellular processes play key roles in understanding of its biology and
the dysregulation of different biological processes causing GBM. The GFAP —posi-
tive group of genes (IL-15, IL-6, IL- 8, IL-10, TGF-3, TNF-a, NF-£B, IL.1Ra) and
GFAP-negative group of genes (GCSF, GCSFR and STAT3) were further exam-
ined to estimate the molecular mechanism involved in glioblastoma. This analysis
highlighted the genes and pathways in the molecular and biological functions and
other signaling components of gene with significant Log p-value (Figure 4.18G-
4.18H). We evaluated the regulatory network and functionally related genes using
the Gene MANIA database for both groups of genes. We identified twenty genes
with the highest correlation for each group. For GFAP-positive groups, which
were, Platelet factor 4 (PF4) , Chemokine (C-C motif) ligand 8 (CCL8), C-X-C
Motif Chemokine Ligand 10( CXCL10), C-C Motif Chemokine Ligand 2 (CCL2),
Heparin Binding EGF Like Growth Factor (HBEGF), Atypical Chemokine Re-
ceptor 1 (ACKR1), G Protein Subunit Alpha 14 (GNA14), MacroH2A.1 Histone
( MACROH2A1) , G Protein Subunit Alpha 15 ( GNA15), Plasminogen Activa-
tor, Urokinase Receptor ( PLAUR), Intercellular Adhesion Molecule 1( ICAM1),
Chemokine (C-X-C motif) ligand 3( CXCL3), (interleukin 8, or CXCLS8, (C-X-C
motif) ligand 8 (CXCL8), CXCR1, (C-X-C motif) ligand 2( CXCL2) , (C-X-C mo-
tif) ligand 1 (CXCL1), Interleukin 6 (IL6), Interleukin 1B ( IL1B), CC chemokine
ligand 20 (CCL20), C-X-C Motif Chemokine Receptor 2( CXCR2), Matrix Met-
allopeptidase 13 MMP13 as shown in (Figure 4.181).

Similarly For GFAP-negative group of genes which were GCSFR, elastase neu-
trophil expressed (ELANE), Interleukin 6 (IL6), interleukin 6 signal transducer
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(IL6ST), POU Class 2 homeobox 2 (POU2F2), heat shock transcription fac-
tor 1 (HSF1), surfactant protein B (SFTBP), C-X-C motif chemokine ligand 3
(CXCL3), TNF alpha induced protein 6 (TNFAIP6), heparin binding EGF like
growth factor (HBEGF), advanced glycosylation end-product specific receptor
(AGER), endothelin 1 (EDN1), RELA proto-oncogene, NF-kB subunit (RELA),
C-C motif chemokine ligand 2 (CCL2), LIF interleukin 6 family cytokine (LIF),
retinoic acid receptor responder 1 (RARRES1), nephrocystin 1 (NPHP1), cal-
cium modulating ligand (CAMLG), general transcription factor ITIC subunitl
(GTF3C1), solute carrier family 34 member 2 (SLC34A2). The different modes of
orientation of gene —gene network show the different functions of genes, including
physical interaction at about 77.64%. The group of genes which shows physical in-
teraction with each other are GCSFR, GCSF, ELANE, TNFAIP6, AGER, RELA,
IL6, IL6ST, LIF, CCL2 and similarly the other gene functions are co-expression
8.01%, predicted 5.37%, colocalization 3.63%, genetic alteration 2.87%, pathway
1.88%), shared protein domain 0.60%, and pfam 0.21% (Figure 4.18J).

A GO:0044419: biological process involved in interspecies interaction between organisms
G0:0050896: response to stimulus

GO:0050789: regulation of biological process

GO:0002376: immune system process

G0:0023052: signaling

(0:0032501: multicellular organismal process

G0:0065007: biological regulation

G0:0048518: positive regulation of biological process

G0:0032502: developmental process

(0:0008152: metabolic process

(0:0048519: negative regulation of biological process

G0:0040011: locomotion

G0:0051179: localization

GO:0009987: cellular process

2 4 6 8 10 12 14
-log10(P)

=

R-HSA-9705462: Inactivation of CSF3 (G-CSF) signaling

= -
r~
~
o
oo

-og10(P)

C | I {co0002376: immune system proces
, |
| |

G0:0023052: signaling
G0:0050896: response to stimulus

o
N
w
s
w
o

-log10(P)




Results

113

| 102
10°
104
10%
1010
102

BMMCODE1

GO Description Log10(P) Color MCODE GO Description Log10{P
R-HSA-9705462  Inactivation of CSF3 (G-CSF) signaling -93 - MCODE_1 R-HSA-9T05462 Inactivation of CSF3 (G-CSF) signaling -9.3
R-HSA-9674555  Signaling by CSF3 (G-C5F) 91 - MCODE_1 R-HSA-9674555 Signaling by CSF3 (G-CSF) 91
hsa04630 JAK-STAT signaling pathway -6.8 - MCODE_1 hsa04630 JAK-STAT signaling pathway -6.8
GO Description Log10(P) Color MCODE GO Description Log10(P)
hsa05142 Chagas disease 174 I vcODE 1 hsa05142  Chagas disease -17.4
hsa05146 Amoebiasis 7.4 Il MCODE_1  hsa05146  Amoebiasis -17.4
WP5088 Prostaglandin signaling 174 I MCODE_1  WPS088  Prostaglandin signaling  -17.1




Results

114

G

GFAP - positive group of inflammatory genes (IL-1f, IL-6, IL- 8, IL-10, TGF-B, TNF-0, NF-kB, IL1Ra)

extracellular space

14+
12
@
~n{ @
< o °
ire @
J @ ®
‘ L ] @
N
- @ L] o
o
Gy, e Ao, By C o 8
Ary 1 &4@} %’(’ 6
GOMF stats )}
) Termname Padi o ognlpg) gt gl E i B3
| cytokine receptor binding LEETRRIR - . . .-
| receptor ligand acthity 5650x10% [ . l .-
| signaling receptor activator activity 6316x10% . ' .-
) cytokine acthity 8866%10°% jini HE "HR
[ signaling receptor requlator activity 1008x10* A . -] .-
| signaling receptor binding 1560x10 . ' .-
A qgrowth factar receptor binding 155010 . .
[ molecular henction requlator activity 7950x10° l l .-
' interleukin-1 receptor binding 2438x103 .
| qrowth factor activity 3B16x10° l l
GOBP stats ]
| Term name Term 1D i ~logulpyg)
0
inflammatory respanse GOD006954 4083x109
respanse to ipid 600033993 1313«10%
cellular response to lipapolysaccharide 2438x10%
cellular response to molecule of bacterial arigin 3659x104
| cellular response to biotic stimuus 1391210
requlation of heterotypic cell-cell adhesion 1022x107
1 celluer response to liid G0: 1218107
| cellular response to interleukin-1 GOD071347 1833107
LI liver reqeneration 3024x107
) response to lipopolysaccharide 4113107
_| maintenance of loation 4672107
response to molecule of bacterial origin 57771107
& response to interleukin-1 5794107
| requlation of cell adhesion 1753107
J response to glucocorticoid GOD051384 8.360x107
G0:LC stas
Term name TmlD  § pyg ~logyylp.s)
. extracellular region GO005576 3208x10%
GO0005615 2009610




Results

115

H GFAP - negative group of inflammatory genes (GCSF, GCSFR and STAT3)
i -
4
g
L “
|
@
g . . ~ ' L]
’ G ¥ Re K h fan  Ca
T A
3 L My
GOMF stats I
(] Tem name Tmll ¥ py . ~logg(p.)
) gramuocyte colonystimulating facor receptorbinging.  GOA005130 4986107
Go3P stats N
L) Temname TemD  § py [—\cg,glp;;l
] requlstion of myelid cel cifferentiston GO45E37 476804
) requlatonofhemopaies GG 27010
) myelid el diferentaion GO03008 3
i cytoking-mediated signaling pathway GO0019221 668t x10
) cellarresponse to cytokin simus GOAT1345 350
- positiverequlaton of myeloid cel differentaton GOMAE  328x10? ! I
() it GONRGT  38%ut0? N |
i respanse to cytokine GO0034097 4 .1'110'2 .!l
| hematopeieic orymphoid oran development oMM 44k II
KEGG stats )
| Termname TemD  § py E-Iogm[pmj . 913 2
[ e ke o)) 4
) JAK-STAT signaling pathway KEGG:04630 4309x10 I..
| Hematopoietic cel lineage KEGG 4640 2013x102 II




Results

116

ng
kine

B neutrophil migration

B granulocyte chemotaxis

B chemokine receptor binding

2 cellular response to chemokine

" response to chemokine
cytokine receptor binding
granulocyte migration

GTF3CT

RARRES1

CAMLG

SLCHAZ
CSF3R
ELANE SFTPE
AGER
EDN1
THEAIPE Rs'* cxeLs
CSF3
NPHP1
sl nceL2
IL6ST
POLZF2 ek
[ ® HSF1

Networks
Physical Intersticns
Co-xpression
Prodicted
Covlocalization
Genetie Intemetions
Pathway

Shared peotein doeains

Functions

cvickine reeeplor binding
response o interlekinf
acste inflummalory respomse

veeptor signaing oty via JAK-STAT

FIGURE 4.18: The PPI and Gene enrichment analysis of inflammatory genes
in GBM patients

A) Top clusters for inflammatory genes (IL-13, IL-6, IL- 8, IL-10, TGF-3, TNF-

a, NF-kB and IL1Ra. B) (Biological responses and signaling) at p-value in log

base-10. B) Top 1 cluster for GCSF (CSF3) gene (inactivation of signaling) at

p-value in log base-10. C) Bar chart of the first three enriched terms for CSF3.
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DEGs (GFAP-positive group and GFAP negative group) suggest essential molec-
ular functions and comprise the crucial GO categories evaluated according to the
levels of DEGs enrichment. I-J) In GBM patients, the GeneMANIA database
reported 20 genes significantly associated genes of both group through gene-gene
networks. Differential mode of the orientation of gene-gene network showing dif-

ferent functions of genes.

4.10 Pathway Enrichment Analysis and Associ-

ated Mechanisms

The volcano plot was implemented with interactivity and customization for associ-
ated pathways related to inflammatory genes of GFAP positive group group in the
current study to investigate the detailed effect of these inflammatory genes in the
initiation of inflammatory response during progression of GBM tumor. It showed
the log of the FDR versus the enrichment ratio for all the functional categories
highlighting the degree by which the significant categories stand out from the
background .The size and color of the dot was proportional to the number of over-
lapping (for ORA) or leading edge genes (for GSEA) of the category. The signifi-
cantly enriched categories were labeled, and the labels are positioned automatically
by a force field-based algorithm at startup (Figure 4.19A).For analysis pathway
databases were used. For the WikiPathways and KEGG databases, the overlap-
ping/leading edge genes were highlighted in inflammatory cascade, and the input
scores for the genes were also used to specify a color gradient for the leading edge
genes when GSEA is run against the WikiPathways database (Figure 4.19B). TNF
signaling pathway, TNF induce NFKB signaling, MAPK signaling pathway, Toll
like receptor signaling pathway and pathway in cancers were significant. For GFAP
- negative group, the GCSF, GCSFR, and STAT3 genes were analyzed through fold
chain enrichment analysis using shiny GO (http://bioinformatics.sdstate.edu/go/),
which identified five critical enriched pathways, as shown in (Figure 4.19C). The
essential pathway regulated by the DEGs is JAK/STAT signaling, along with


http://bioinformatics.sdstate.edu/go/
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the association of hematopoietic cell lineage, cytokine-cytokine receptor interac-
tion, and PI3BK-AKT signaling pathway. The activation of STAT3 pathway is
crucial to carcinogenesis and immune evasion. Various potential upstream and
downstream regulatory mechanisms and development of the immunological milieu
are transcriptionally upregulated by STAT3 activation. The equilibrium of cy-
tokines stimulates the infiltration of immunosuppressive immune cell types, such as
myeloid-derived suppressor cells (MDSCs), regulatory T cells (Tregs), and tumor-
associated macrophages/microglia (TAMs). These cytokines promote STAT3 sig-
naling within immune cell populations to induce immunosuppressive macrophage
polarization, diminish antigen presentation, and suppress T cell activation. KEGG
pathway indicates the genes involved in GBM progression showing significant fold
chain enrichment of 3.5 —logl0 (FDR) in JAK/STAT signaling pathway. There-
fore, we examined GCSF role in the associated pathways in GBM to highlight
aberrant signal transduction cascades and potential drug targets especially in the

critical JAK/STAT pathway (Figure 4.19D).
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and Wiki Pathways have been employed to map the pathways. Color codes are applied to explain

the involvement of DEGs and their associated mechanism in the pathway model.

4.11 Immune Infiltration in GBM

Associations and Correlation between Levels of immune cell infiltration
and expression from GFAP Positive group

GBM tumor progression and patient’s outcome can be significantly influenced by
the correlation between the GBM cells and the immune system in the tumor mi-
croenvironment. The immune cells are responsible in the activation of signaling
pathways because of both the pro-tumorigenic and anti-tumorigenic effects as re-
ported in previous literature. TGFB , TNFa and NF-£B p65 (RelA) are the three
important signaling molecules, involved in the inflammation, p roliferation, cell
differentiations and i mmunosuppression. T GFf1 plays a drastic rolein t he pro-
gression and angiogenesis of GBM via interacting chemokines and macrophages in
the tumor microenvironment. To determine the levels of TGF31 gene expression
and immune infiltration correlated with GBM, we employed the TIMER web server
with the integration of TIMER, CIBERSORT, and MCPCOUNTER. TGFf1 ex-
pression levels were discovered to positively associated with B cells (Rho = 0.428,
p = 1.77e-07), CD4+4 (Rho = 0.328, p = 9.07e-05), Macro phage \Monocyte
(Rho = 0.407, p =7.95e-07), Macro phage (Rho = 0.466, p = 9.31e-09), Treg
Cell (Rho=0.261, p=2.06e-03), Neutrophil (Rho = 0.338, p = 5.34e-05) Myeloid
Dendritic cell (Rho=0.624, p=3.54e-16) and NK cell resting (Rho = 0.168, p =
4.96e-02) infiltration levels in GBM as shown in (Figure 4.20A).

We also used the TIMER web server with the integration of EPIC, CELL, CIBER-
SORT and QUANTISEQ, TIMER to visualize the correlation between TNF«a and
NF-kB p65 (RelA) gene expression levels and immune infiltration levels in GBM.
TNF« is the pro-inflammatory c ytokines t hat p lay a crucial role in t he inflam-
mation, immune response, promote tumor cell growth and invasion in GBM. We
found that the expression levels of TNFa were positively correlated with B cells
(Rho = 0.251, p = 2.04e-03) , CD8 + T cells (Rho = 0.174, p = 4.26e-02), CD4+
(Rho = 0.262, p = 2.00e-03), Monocyte (Rho = 0.245, p = 3.96e-03), Macrophage
(Rho = 0.242, p = 4.34¢-03), Myeloid Dendritic cell (Rho = 0.232, p = 6.27e-03),
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and NK cell (Rho = 0.329, p = 8.74e-05), infiltration levels in GBM and TNF«
was also negatively correlated with Treg Cell (Rho =-0.262, p = 2.00e-03), (Figure
4.20B). Similarly, NF-xB p65 (RelA) were positively correlated with, CD4+ (Rho
= 0.173, p = 4.35e-02), Treg Cell (Rho = 0.2, p = 1.90e-02), Myeloid Dendritic cell
(Rho = 0.366, p = 1.12e-05), B cells (Rho = 0.173, p = 4.37e-02), Macrophage MO
(Rho = 0.187, p = 2.84e-02), NK cell (Rho = 0.245, p = 3.98¢-03), and Neutrophil
(Rho = 0.478, p = 3.46e-09).NF-xB p65 (RelA) was also negatively correlated with
CD8 + T cells (Rho = -0.283, p = 7.99¢-04) and Macrophage M2 (Rho = -0.213,
p = 1.24e-02), as shown in (Figure 4.20C).
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FIGURE 4.20: Relationships between TGFS1, TNFa and NF-£B p65 (RelA)
expression levels and immune cell infiltration levels in GBM

A) Correlation between the abundance of immune cells and the expression of TGFS1 at signifi-
cant p-value < 0.05. B) Correlation between the abundance of immune cells and the expression
of TNF« at significant p-value < 0.05. C) Correlation between the abundance of immune cells

and the expression of NF-xB p65 (RelA) at significant p-value < 0.05.

4.12 Differential Abundances of Infiltrative Im-

mune Cells and Their Correlation with GCSF
from GFAP Negative Group

In the current study GCSF expression was analysed for immune infilteration in
GBM. Previous studies reported that immune infiltration is often associated with
developing a favorable tumor microenvironment for oncogenesis. The TIMER
database was used in the current investigation to examine the correlation between
GCSF transcriptomic expression and immune infiltration. Using the CIBER-
SORTx algorithm, the relative proportions of 9 kinds of infiltrative immune cells
with significant differences in GBM were obtained, including T cells CD4, Tregs,

B cell memory, neutrophil, monocyte, myeloid dendritic cell, NK cell resting, mast
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cells and eosinophils which were differentially expressed. These correlations sug-
gest that differential GCSF expression is a characteristic of multiple gene signa-
tures associated with pro-tumor immune environments in GBM patients. The
expression of GCSF was positively correlated with B cells (Rho = 0.191, p =
2.53¢—02), CD4+4T cells (Rho = 0.184, p = 3.11e—02), Tregs (Rho = 0.315, p
= 1.74e—04), neutrophils (Rho=0.269, p=1.47e—03), monocyte (Rho = 0.191, p
= 2.52e—02), Myeloid dendritic cell (Rho=0.304, p=3.03e—04), NK cell resting
(Rho = 0.336, p = 6.09e—05), mast cells resting (Rho = 0.17, p = 4.64e—02) and
eosinophils (Rho = 0.326, p = 1.00e—04) as shown in Figure 4.21.
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FIGURE 4.21: Correlation between GCSF expressions with 09 immune infiltra-
tion levels using algorithms CIBERSOFT.

The association between GCSF and immune infiltrating cells shows a positive

differential infiltrative correlation with a significant p-value < 0.05.
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4.13 Molecular Events (Mutations) Associated

with the Glioma

Insilico Next Generation Sequencing (NGS) Analysis

4.13.1 Identification of Driver Genes in Glioblastoma Net-

work and Functional Analysis

The GBM summary network (Figure 4.22A) showed the relationship between
driver genes and miRNA drivers in glioblastoma. Driver genes have a variety
of characteristics and colour-coded nodes identify them. As yellow nodes identify
MicroRNA (miRNA) drivers. These nodes are joined by lines to depict the protein-
protein interactions (PPIs) in the STRING database and synergistic effects, which
are defined as situations in which the hazard ratio (HR) of two genes is larger
than 1.5 times that of each gene. Moreover, miRTar Base keeps track of how miR-
NAs and genes interact (Figure 4.22B). We predicted the driver genes of glioblas-
toma samples in the TCGA database using the DriverDBV3 online database, as
shown in table 4.4, in order to better understand the molecular characteristics
of glioblastoma. Our top 20 driver genes are Epidermal Growth Factor Recep-
tor (EGFR), Phosphatidylinositol-4,5-Bisphosphate 3-Kinase Catalytic Subunit
Alpha (PIK3CA), Isocitrate Dehydrogenase (NADP(+)) 1 (IDH1), Tumor Pro-
tein P53 (TP53), Phosphatase and tensin homolog (PTEN), Rh Blood Group D
( RHD), Phosphoinositide-3-Kinase Regulatory Subunit 1 (PIK3R1), leucine rich
repeat containing 37A (LRRC37A), Glutathione S-Transferase M1(GSTM1), Sig-
nal Regulatory Protein Beta 1( SIRPS1), Sodium/potassium/calcium exchanger
3(SLC24A3), Major Histocompatibility Complex, Class II, DR Beta 5 (HLA-
DRB5), osteosarcoma amplified 9( OS9), Carboxy-terminal domain RNA poly-
merase II polypeptide A small phosphatase 2 (CTDSP2), Maternal Embryonic
Leucine Zipper Kinase (MELK), Zinc Finger And BTB Domain Containing 42
(ZBTB42), UDP Glucuronosyltransferase Family 2 Member 517 (UGT2517), En-
ergy Homeostasis Associated (ENHO), Cyclin Dependent Kinase Inhibitor 2B
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(CDKN2B) and contactin associated protein family member 3B (CNTNAP3B).
We employed DriverDBV3 having more than seven algorithms to predict driver
genes simultaneously to improve the accuracy of our results. Through network
analysis, 80 driver genes were expressed, and the top 20 driver genes of glioblas-
toma were screened for gene ontology based upon significant log values of biological
process ERBB2 signalling pathway, regulation of cyclin-dependent proteins, reg-
ulation of cyclin-dependent proteins kinases, positive regulation of production of
miR and negative regulation of mitotic cell cycle (Figure 4.22C-4.22D). The twelve
gene set collections from seven public database KEGG, PID, Biocarta, Recatome,
MsigDB, miRTar, and miRWalk are used in the pathway analysis. The signifi-
cant genes at KEGG were PIK3CA, PIK3R1, TP53, EGFR, PTEN, CDKN2A
and CNTNAP3B at —logl0 (p-value) (Figure 4.22E). Similarly cellular functional
analysis showed phosphatidylinositol 3-kinase complex, cytoplasmic part region of
cytosol, cytoplasm and apical plasma membrane shown highest log values (Figure
4.22F). Lastly the molecular functions of driver genes of GBM also shown sig-
nificant logl0 values in respect to natural killer cell lectin-like receptor, insulin
substrate insulin binding and cyclin dependent protein serine threonine in (Figure

4.22G).

TABLE 4.4: Top 20 driver genes of glioblastoma summary table

Cancer Gene CGC NCG6.0 Mutation CNV Methylation
GBM EGFR 1 1 12 1 0
GBM IDH1 1 1 7 0 0
GBM PIK3CA 1 1 9 0 0
GBM PIK3R1 1 1 9 0 0
GBM PTEN 1 1 11 0 0
GBM TP53 1 1 12 0 0
GBM RHD 0 0 0 -1 0
GBM LRRC37A 0 0 0 1 0
GBM GSTM1 0 0 0 -1 0
GBM SIRPS1 0 1 0 1 0
GBM SLC24A3 0 0 0 1 0
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Cancer Gene CGC NCG6.0 Mutation CNV Methylation
GBM HLA-DRB5 0 0 0 1 0
GBM CTDSP2 0 0 0 1 0
GBM 0859 0 0 0 1 0
GBM MELK 0 0 0 -1 0
GBM ZBTB42 0 0 0 -1 0
GBM UGT2p17 0 0 0 -1 0
GBM ENHO 0 0 0 -1 0
GBM CDKN2B 0 1 0 -1 0
GBM CNTNAP3B 0 0 0 -1 0
A O Survival Mutation @ B i
i

C ERBB2 signaling
pathwa:

regulatio

negativ
regulation o
G1/S transitio
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A) The glioblastoma network presents the relationships between driver genes and

miRNA drivers in a specific cancer type. B) In the Summary panel, a network
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FIGURE 4.22: Analysis of the driver genes in glioblastoma.

shows the drivers for mutation, CNV, methylation, and miRNA, each represented
by a different colour grid in the node. Protein-protein interactions between nodes
make up the string database’s interactions. Determining which two genes’ hazard
ratios (HR) are larger than 1.5 for each gene. C-D-F-G) With a statistically
significant value of Logl0 P = 0.05, the functional annotation section provides
gene ontology of functional analysis of driver genes in biological, cellular, and
molecular processes. E) The Pathway section contains 12 gene set collections

collected from 7 open-access databases: at -logl0 for KEGG (p-value).

4.13.2 The Mutational and Survival Analysis of Driver

Genes

The current in silico studies have shown that glioblastoma has many driver gene
mutations. To more clearly establish the impact of driver genes on the prognosis
of glioblastoma patients, we analyzed the driver gene mutations in the erroneous
modifications of commonly altered genes and essential cancer genes in many sig-
naling pathways. The bar graph depicted the top 30 major mutation drivers as
determined by multiple computational tools, including the new tools CoMET,

Mutex, and DriverML (Figure 4.23A). It was observed that the change frequency
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of driver genes EGFR, TP53, PTEN, PIK3CA, PIK3R1, IDH1 were more signifi-
cant, and we discovered these driver genes had a higher proportion of mutations.
This graphic shows the relationships between the top 30 mutation driver genes

and cancer patients with the integration of tools as shown in figure 4.23B-4.23C.
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FIGURE 4.23: Mutational and survival Analysis of the driver genes in glioblas-
toma

A) The plot indicates defined mutation driver numbers by a different number of
computational tools according to the mutation summary table. B) Using cancer
patient samples on the x-axis and the top 30 genes on the y-axis, this graphic shows
the relationships between the top 30 mutation driver genes and cancer patients.
C) This plot shows the top 30 genes on the y-axis and the number of tools by
which they are defined on x-axis. D) This section includes all gene pairs with

HR fold change greater than 1.5 in both directions. The patients are divided into
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groups depending on the patients’ levels of gene expression for each gene pair.
The hazard ratios for CRISP2, DCSTAMP, and MLPH were 2.75, 2.55, and 2.81
respectively. The survival probabilities of the patient groups are then contrasted
throughout the months, as demonstrated in the plots with a significant p-value of

0.05.

The impact of driver gene mutations on the prognosis of GBM patients was then
examined. Based on whether the driver gene had a mutation, CNV, or gene fusion,
we separated the samples of each subtype into an altered group and a non-altered
group. Our investigation discovered that CRISP2, DCSTAMP, and MLPH had a
poor survival effect and a substantial hazard ratio. The orange and green nodes
indicate the survival genes with HR > 1. For each synergistic survival event,
Kaplan-Meier plots were generated using the comparison of all high against others
and four expression-based groups (all high, low /high, high/low, and all low). The
hazard ratio values for CRISP2, DCSTAMP, and MLPH were 2.75, 2.55, and 2.81,

respectively, as shown in Figure 4.23D.

4.13.2.1 CNV, MET and miRNA-Define Dysregulation Features of
Protein-Coding Drivers and Locus Enrichment Analysis of

Glioblastoma

In order to analyse the aberrant shifts and changes in gene expression and to define
CNV and methylation dysregulation events, IGC, DIGGIT, and methylmix were
used to identify CNV dysregulation events. Whereas the ELMER and methyla-
tion mix were used to identify methylation dysregulation incidents to analyze the
aberrant shifts and changes in gene expression and define CNV and methylation
dysregulation events by driverDBV3. As a result, this aligns CNV and methyla-
tion computational algorithms and interpretations of abnormal miRNA regulation
with negative correlation coefficients between miRNA and driver genes. Using
a heat map, we identify the top 30 drivers, CNV and methylation panels which
also showed these novel traits in a similar way (Figure 4.24A). Similarly percent-
age bar charts showed significant gain in percentage of genes are EGFR (81%),
LANCL2 (79%), SEC61G (78%), VOPP1 (77%), NIPSNAP2 (73%), MRPS17
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(73%), ZNF713 (73%), PSPH (73%), SUMF2 (72%) and the genes with the signif-
icant loss functions were CDKN2A (71%), CDKN2B (70%), MTAP (67%), KLHL9
(60%), MLLT3 (54%) and TUSC1(50%) as shown in (Figure 4.24B). The most sig-
nificant regions with identified CNV events were 1,3,4,6,7,9,12,13,14,15,17,20,22
and Y, as indicated in locus enrichment, which were also carried out to com-
prehend those regions that include CNV /differentially methylated events (Figure
4.24C).
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FIGURE 4.24: CNV, MET and miRNA-define dysregulation features in GBM.

A) The top 30 CNV drivers are shown on a Heat Map in the CNV panel. B) A
percentage bar chart in the CNV panel displays the sample proportions for the



Results 132

top 30 CNV drivers. C) Based on the locus enrichment analysis’s findings, a circle
graph in the CNV panel highlights the driver’s loci on each chromosome with a
red dot.

4.13.2.2 Mutational Analysis of DEG from GFAP-Positive Group of

Glioblastoma

In the current study TGF/f1 is used for Insilco mutational analysis by using TCGA
datasets of glioblastoma to investigate and compare the possible factors causing
differential expression. As in this study the quantitative expression profiling re-
vealed the upregulation of TGFA1 in GBM biopsies samples from GFAP positive
group. Similarly, the pathway enrichment analysis and immune infiltrations also
provided significant association of TGF 1 with other signaling pathways involved
in glioblastoma. It is reported in the literature that TGF/1 is acting as multifunc-
tional cytokine and plays an important role in the interaction of other cytokines,
chemokines, macrophages and signaling molecules involved in inflammatory cas-
cade of glioblastoma. There are two distinct functions of TGFS1 responsible for
progression of GBM. In the early stage of GBM it may act as tumor suppres-
sor by inhibiting proliferation and promoting differentiation. How ever in later
stage it can be changed into pro-tumorigenic activity by facilitating cells invasion,

metastasis, and immunosuppression.

Differential expression of TGFf1 in pan-cancer and GBM biopsy sam-

ples due to mutations

Differential expression of the TGF/31 gene concerning various cancer types is vi-
sualized using the Gene Summary analysis (Figure 4.25A). The Differential Ex-
pression (DE) indicated Red block in GBM. The boxplots show the expression
patterns across all cancer types for TGFS1.
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FIGURE 4.25: Differential expression of TGFS1 in pan-cancer and in GBM

GFAP-Positive biopsy samples due to mutations

A) Multi-omics characteristics in the major cancer types are shown in a summary

graph for TGFG1. B) A percentage bar chart in the CNV panel represents the top

30 CNV drivers sample proportions. C) TGFfS1 expression shown in Solid Tissue

Normal was 2.1655e+5, Primary Solid Tumor was P=5.5846e+5 and expression

of TGF/1 shown in Recurrent Solid Tumor was 8.2995e+5. D) Expression levels
of TGFf1 in biopsy tissue of GBM through RT-PCR. The graphs were plotted

with the Graph Pad Prism 9 software. E) Enzyme-Linked Immunosorbent Assay
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validated the expression of DEGs in GBM patients. The expression is grouped
by mutation class, showing the expression of TGFA1 in GBM in between le+5 to
le+6 (Figure 4.25B). The distribution of expression inside each GBM tumor type
is shown in detail by the plot in a similar way. TGF 31 expression shown in Normal
Solid Tissue was 2.1655e+5, Primary Solid Tumor was P=5.5846e+5 and expres-
sion of TGF /1 shown in Recurrent Solid Tumor was 8.2995e+5 (Figure 4.25C). To
evaluate the mutational status of TGFA1 in GBM, we quantified the expression
of TGFf1, and it was observed that protein expression was significantly increased
in high grade Glioma biopsy samples. We also examined the gene expression of
targeted gene among Grade-III and Grade-IV (GBM) specimen sections within
the tumor and tumor-associated normal tissue (TANT). All tissue samples were
initially cut from four specimen regions, but samples with sufficient RNA quality
and quantity were subjected to RT-PCR gene expression analysis (Figure 4.25D).
These data are consistent with ELISA findings (Figure 4.25E).

4.13.2.3 CNV, MET and miRNA-Define Dysregulation Features of
TGFA1 of GBM

The gene mutation function provides visualizations to illustrate mutation statis-
tics corresponding to protein regions and exons in multiple cancer types. The
gene mutation function provides visualizations to illustrate mutation statistics
corresponding to protein regions and exons in multiple cancer types. This heat
map displays the frequency of TGFS1 mutations at various protein locations in
various cancer types (Figure 4.26A). The mutation rate is calculated as the sample
count divided by the mutation count and is shown by a colour scale. (Mutation
rate = mutation count/sample count). The heat map shows mutations in 3 sam-
ples, protein- region 156- 176, for 2nd sample the at protein- region 176- 195 and
3rd sample, at protein- region 332-351(Figure 4.26B). The bar chart also showed
the mutation rate of the TGF/1 and its protein positions for GBM. The green
colour bar showed a low mutation rate at protein- region (156- 176, 0.00295237),
with the mutation rate; 2.95-03, the red color bar showed high mutation rate

at protein- region (176- 195, 0.00318139) with mutation Rate:3.18-03 while blue
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color bar showed moderate mutation rate at protein- region 332- 351, 0.00307135
at mutation rate 0.003 (Figure 4.26C). The Gene CNV function uses bioinfor-
matics algorithms to visualize the copy number gain or loss of a user-selected
gene across various cancer types. The Gene CNV function uses bioinformatics
algorithms to visualize the copy number gain. The scatter plot displays the rela-
tionship between CNV value and gene expression (y-axis) (x-axis). The expression
levels are shown in the left boxplot, and the CNV values for each type of CNV
are shown in the bottom boxplot. TheTGF/31 showed 638.2k median expression
copy number gain while the segment mean ranges from 0.489 at 0 to 0.5. Sim-
ilarly, the TGF/1 showed 320.7k median expression copy number loss while the
segment mean ranges from median -0.66 at -1 to -0.5. While TheTGF /1 showed
580.4k expression copy number none while the segment mean ranges from 0.0480
(Figure 4.26D). The expression levels are shown in the left boxplot, and the CNV
values for each type of CNV are shown in the bottom boxplot. TheTGF 1 showed
638.2k median expression copy number gain while the segment mean ranges from
0.489 at 0 to 0.5. Similarly, the TGFS1 showed 320.7k median expression copy
number loss while the segment mean ranges from median -0.66 at -1 to -0.5. While
TheTGF A1 showed 580.4k expression copy number none while the segment mean
ranges from 0.0480. The relationship between gene expression and beta value is
similarly shown in the ”Methylation” section. In order to demonstrate a detailed
view of the methylation distribution and correlation in GBM, this graph combines
a scatter plot and boxplot. The value of TGFf1 in the GBM data set considers
as usual, having the value 0.0353K, Cor =-0.136 while p=0.13 as shown in (Fig-
ure 4.26E). The gene miRNA network depicts the relationships between a TGFS1
and miRNAs. Table 4.5 lists details for seven miRNA genes. Twelve prediction
tools or experimental validations that miRTarBase recorded contributed to defin-
ing the interactions. Predicted relations are shown as dotted lines, while validated
relations are shown as solid lines. Lists details for seven miRNA genes. Twelve
prediction tools or experimental validations that miRTarBase recorded contributed
to defining the interactions. Predicted relations are shown as dotted lines, while
validated relations are shown as solid lines. A minimum of six, eight, or ten tools

can further filter the predicted relations by driverDBV3 (Figure 4.26F).



TABLE 4.5: Gene-miRNA of Glioblastoma Table

Mirbase Gene Ensg Validated No. Pearson Pearson Spearman Spearman Kendall Kendall
mat_id Sym- of Cor pv Cor pv Cor pv
bol Tool
BLCA hsa- miR- 93-5p TGFg1  ENSG 00000 1 0 -0.243 7.07 E-07 -0.32 5.13 E-11  -0.215 1.03 E-10
105329
ESCA  hsa- miR- 93-5p TGFS1  ENSG 00000 1 0 -0.24 2.20 E-03 -0.314 5.40 E-05 -0.207 1.01 E-04
105329
LUSC  hsa- miR- 17-5p TGFpg1  ENSG 00000 1 0 -0.274 1.22 E-09 -0.368 1.05 E-16 -0.254 1.49 E-16
105329
LUSC  hsa- miR- 93-5p TGFB1  ENSG 00000 1 0 -0.298 3.24 E-11  -0.334 9.75 E-14  -0.228 1.07 E-13
105329
STAD  hsa- miR- 17-5p TGFg1  ENSG 00000 1 0 -0.271 1.11 E-07 -0.388 7.76 E-15  -0.26 7.46 E-14
105329
STAD  hsa- miR- 93-5p TGFpF1  ENSG 00000 1 0 -0.35 3.83 E-12  -0.457 0.00E4-00 -0.31 4.88 E-19
105329
UCEC hsa- miR- 93-5p TGFpg1  ENSG 00000 1 0 -0.205 1.73 E-06 -0.328 7.59 E-15 -0.224 1.01 E-14
105329
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F1GURE 4.26: CNV, MET and miRNA-define dysregulation features of TGFS1
of GBM

A) The heat map indicates the mutation rate of TGFS1 at different protein po-
sitions in several cancer types. B) The heat map shows mutations in 3 samples.
The mutation rate =0.00295237 at protein-region 156-176. For the 2nd sample,
the mutation rate =0.00318139 at protein- region 176- 195; for the 3rd sample,
the mutation rate =0.00307135 at protein- region 332-351. C) The bar chart also
showed the mutation rate of the TGFS1 and its protein positions for GBM. The
green colour bar showed a low mutation rate at protein- region 156- 176, and the
red colour bar showed a high mutation rate at protein- region 176- 195, while the

blue colour bar showed a moderate mutation rate at protein- region 332- 351.D)
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This graph combines a scatter plot and boxplot to demonstrate a thorough picture
of the CNV distribution and correlation in GBM. E) The gene methylation func-
tion provides visualizations of the methylation pattern of TGFS1 across GBM.
F) The gene miRNA function provides visualizations illustrating the relations be-

tween TGF1 and miRNAs across GBM.

4.13.2.4 Mutational Analysis of DEG From GFAP-Negative Group of

Glioblastoma

It is explored from the current analysis, that GCSF (CSF3) showed differential
expression from global datasets and found elevated expression in GFAP negative
group of GBM biopsies. Therefore, in order to determine the possible contribut-
ing factors, the in silico mutational analysis has been done to investigate genomic
landscape alteration and frequency changes of GCSF in GBM.

Genomic Landscape Alteration and Frequency Changes of GCSF in
GBM Patients

We explored the potential mechanism of GCSF (CSF3), GCSFR (CSF3R) and
STATS3 in the pathogenesis of GBM from the dataset of patient samples of the
TCGA Pan-Cancer Atlas database with the respective genetic alterations of GCSF
(CSF3) 1.7%, GSCFR (CSF3R) 2.1% and STAT3 1.7% respectively (Figure 4.27A).
According to the TCGA database, 4.73% of glioblastoma genes were found to be
altered, with the following frequencies: mutation 0.51% , amplification 0.84%,
deep deletion 0.34%, mRNA high 1.86%, mRNA low 1.0%, and multiple alter-
ation 0.17% (Figure 4.27B). The comparison between the number of mutation
counts and a fraction of the copy number alterations in the genome shows the fre-
quency of GCSF family genes mutation in GBM patient samples with significant
positive Pearson and Spearman correlation which is R = 0.77 and R = 0.18 re-
spectively. Each dot highlights the number of samples. In the case of each sample
the fraction of the genome which altered with the number of mutations present
(Figure 4.27C) . We also used the cBioPortal and GEPIA2 database to examine
frequency changes of GCSF mRNA expression (mRNA expression z-scores relative
to diploid samples (RNASeqV2 RSEM)) including, shallow deletions, diploid, gain
and amplifications upregulation of missense mutation.

The findings suggest the median value ranges from -0.39 to -0.16 as low-level gain,
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diploid copy numbers between -0.36 and 0.5 and included gain. The majority of
them also showed few amplifications ranging from -0.37 to -0.24. However, shallow
deletion showed a significant rise from -0.36 to 0.73 (Figure 4.27D). The graphical
summary depicts the position and frequency of all mutations within the framework
of Pfam protein domains encoded by the canonical gene isoform, as well as specific
mutation positions. The length of the line linking the mutation annotations to the
protein indicates the number of mutation-bearing samples. Germline frameshift
mutations at hotspot (L194R) codons 100 and 207aa, associated with elevated IL6
expression, represent the majority of GCSF mutations (Figure 4.27E). The shared
exclusivity study showed that distribution of cell cycle control was likely to occur
in GBM through principal component analysis of GBM tumor cells in the brain.

To investigate the optimal gene combination to compare GBM with normal brain
tissue, the combined expression levels of three validated genes (GCSF, GCSFR,
and STAT3) were examined using PCA dimensionality reduction. According to
Figure 4.27F, the three-dimensional space represented by the three variance com-
ponents (PC1, PC2 and PC3) attributed to the expression values of these three
genes revealed a remarkable demarcation between 163 GBM and 207 healthy con-
trols. The source data plot portraying the logarithmic (log) p-values for each
protein reveals that the PCA-based component represents nearly all differential
expressions (red Dots), keeping the GBM projection scale range from 0.5 to 1.5 as
shown in Figure 4.27G.

A) Tllustrates genetic alteration of GCSF 1.7%, GSCFR 2.1% and STAT3 1.7% B) Alteration
frequency in glioblastoma multiform depicts the percentage of mRNA low expression, high ex-
pression, deep deletion, amplification and mutation. C) The comparison between the number of
mutation counts and a fraction of the copy number alterations in the genome shows a positive
Pearson and Spearman correlation with a significant p-value < 0.05. D) GCSF gene amplifi-
cation versus mRNA expression in GBM shows putative copy number alteration of diploid and
shallow deletion according to GISTIC (Genomic Identification of Significant Targets in Cancer).
E) Distribution of GCSF mutations in GBM cancer across protein domains at hotspot (L194R)
codons 100 and 207aa associated with elevated expression of IL6. F) The scatterplot distribution
of the first three principal components of PCA from the protein expression data differentiates

between normal and malignant tissues used for PC analysis. The green dots represent the normal
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tissues, whereas the blue dots indicate tumors between (+) and (-) coordinates. G) 2D plot also
depicts the logarithmic log p-values for each protein on the x-axis and the y-axis showing GBM

(red Dots) projection between scales 0.5 to 1.5 of value.

4.14 In-Silico Studies for Drug Targets

4.14.1 Utilizing the Nisin Bacteriocin Peptide Complex for
Molecular Drug Docking

Molecular Docking of Anticancer Bacteriocins and Validation by MTT
Assay

The crystal structure of C163, a backbone circularized GCSF of the model, was
improved and used for further investigation. Various structure validation pro-
grammes evaluate the generated model proteins, including stereochemical quality
and geometrical conformations assessments. The Ramachandran plot computa-
tions were conducted using the PROCHECK software and revealed that 93.3% of
residues were located in the most desirable zone, 5.9% in the permissible region,
and 0.7% in the prescribed region of model protein (Figure 4.28A). In addition, the
Rama favoured region for the crystal structure of C163 was shown to be 93.3% for
5GW9. MOE software was used to dock anticancer bacteriocins peptide against

GCSF in glioblastoma against a specific binding pocket. All complexes were
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FIGURE 4.27: Genome landscape alterations of GCSF in GBM patients

grouped based on non-covalent interaction strength, the energy function score (S-
Score), hydrogen bonding, and maximal accommodation with the binding pocket
(Figure 4.28B). Among 33 docked clusters, 7 were selected for interaction analysis
based on highest levels of hydrogen bonding, vander Waals interaction, and other
hydrophobic interactions with binding pocket residues. Cluster 0 had the lowest
energy-weighted score of —554.7 kcal /mol with a total 413 members, Moreover, the
visualization of the docking results reported 3 hydrophobic interactions with Ser
5156, Glu 46 and Arg 170 residues of cluster 0. Furthermore, clusterl had a score
of -538.1 kcal/mol and their visualization revealed the 8 hydrophobic interactions
with the Glu A124, Gln A120, Thr A116, Gly B88, Phe B84, Glu A123, Gln 5135
and Thr $134 residues (Figure 4.28C—4.28D). The stability and the quality of the
docked model was examined by dynamic simulation through deformability and B-
factor as shown in (Figure 4.28E). The results indicated an insignificant hinge and
an intermediate RMS for the B-factor, as the experimental B-factor taken from
corresponding PDB field and calculated from NMA is obtained by multiplying
NMA mobility 8pi2 (Figure 4.28F).

Deformability is a measure of the ability of a given molecule to deform at each of
its residues. This is mainly observed in the form of “highest peaks” that can be
derived from high deformability regions. The minor deformability was observed in
the docked NISIN complex as the complex has some peaks of approximate value
0.8 - 1.0 deformability index. A low likelihood of deformation was suggested for

the anticipated homology model (Figure 4.28G). The covariance matrix provides
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how residues in the complex are correlated; the higher the correlation, the better
is the complex. The red coloration indicates a good correlation between residues,
white coloration depicts no correlation, while blue indicates anticorrelations. The
Nisin docked complex suggests a good correlation with a few anticorrelations in
the majority (Figure 4.28H) represented the above-mentioned results. The dose-
dependent cytotoxicity of Nisin against SF-767 cells and normal cell line CHO
was evaluated using MTT assay and determined by statistical analysis. Nisin, a
compound with anti-inflammatory properties, was investigated for its potential
to disrupt cell membrane integrity, induce apoptosis, and increase resistance to
apoptosis in cancer cells.

In this study the proliferation of SF-767 cell was significantly inhibited showed
78.15% inhibition at 100 pug/mL while at 1 pg/mL was 16.70 %. At 48 hrs the
IC50 value of Nisin for SF-767 was 30.65 pug/mL found. Whereas the results show
that Nisin has lesser cytotoxicity in a normal cell line CHO with an IC50 value
of 110.4 pg/mL as compared to glioblastoma cell line SF-767 as shown in Figure
4.28I.

Psi (degrees)

Phi (degrees)

Plot statistics

A) Ramachandran plot statistics for modelled protein GCSF. B) The best scoring

docked complexes for target receptors 3D Docked pocket. It also demonstrates
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our ligand’s overlaid 3D interaction with the active region of the receptor protein
GCSF. The ligand molecule is shown in marine blue, the amino acid residues are
shown in grey blue, and the protein structure is shown in red. C) 2D interactions of
1WCO with 5GW9 reported 3 hydrophobic interactions with Ser 5156, Glu46 and
Arg 170 residues of cluster 0. D) 2D interactions of IWCO with 5GW9 reported
revealed the 8 hydrophobic interactions with the Glu A124, Gln A120, Thr A116,
Gly B88, Phe B84, Glu A123, Gln 135 and Thr 134 residues of cluster 1.E)

Molecular dynamics simulations of the complex generated between our drug and



Results 145

ICsy SF-767 30.65
H 600 l ICs;Normal CHO 110.4
100~
500 -+ Normal CHO
80 s ¥ SF-767
§ 40 £
T Q
P £ 60-
2 300 |4 2
® £
« £ 44 1
200 ®
- 204
100 - f"\} L A L]
Ag 3 LK (L -+~-rrrrrrrrrreeeeree
0 ' 0 50 100
0 100 200 300 400 500 600 Nisin conc pg/ml
Residue index

FI1GURE 4.28: Molecular Docking of Anticancer Bacteriocins Nisin

receptor, which represents the docked molecule orientation F-G) represents out-
puts of NMA study deformability and B-factor plot graph. H) represents residue
index co-variance heat Map for the Dock modelled GCSF-Nisin. I) The effects of
Nisin on % inhibition as determined by MTT assay. Blue curve represents normal
CHO and Red curve show SF-767 Cancer Cell lines whcih were incubated for 48

h with different concentrations of Nisin.



Chapter 5

Discussion

This study significantly contributes to the scant amount of knowledge on the broad
range of brain tumors in Pakistan . Using the extensive dataset made available by
The TCGA (Cancer-Genome-Atlas), this study is the first to compare the clinico-
pathological characteristics of diffuse gliomas in the wider community. In afflu-
ent nations like the US, Canada, Australia,France and the United Kingdom, the
prevalence of Central Nervous System (CNS) tumors is higher where as Ethiopia
and the "Republic of Congo”, two African nations, show significantly lower inci-
dence rates. [225]. Variable incidence rates have been observed in Asian countries
including India, Afghanistan, China, and Iran [226]. These findings underscore
the evident geographical heterogeneity in the incidence of CNS tumor . The ab-
sence of a population-based national cancer registry impedes the understanding
of epidemiological diversity of this tumor type. To outline the clinicopathological
range of CNS tumors in our community, descriptive research was conducted. The
outcomes of diffuse gliomas were compared to the global (TCGA) data that was

readily available.

In current study, most of the CNS tumors were located in the cerebrum. The
temporal region was the most common site (50.9%), followed by the parietal region
(10.9%) and the frontal lobe (38.2%). This finding is in consistent with the other
studies, which have reported the temporal region as the most common site of CNS

tumors [227].
146
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In Pakistan, glial tumors are the most prevalent type of neoplasm, comprising 41%
of all primary CNS tumor cases[228]. Meningeal tumors were the second most
common type, with 27.7% of cases. Many studies have reported that gliomas
account for 40-67% of primary CNS tumors and meningeal tumors account for

9-27% [229].

Glioblastoma-multiforme (GBM) was the most prevalent histological subtype of
glioma with 74.5% of cases in the current study. According to a prior study from
Karachi, oligodendrogliomas were the most prevalent histological glioma subtype
[230]. This might be brought on by varying environmental circumstances and
genetic composition.More investigation is required to comprehend the variation in
the most common histological subtype of glioma in different populations. GBMs
account for 31.1% of all diffuse gliomas in Pakistan, making them the second most
common brain tumor after oligodendrogliomas. Among the primary CNS tumors,
pilocytic astrocytoma made up 5.8% among 25 cases in the previous studies of
Pakistani population. The pilocytic astrocytoma was observed to lack an IDH

mutation and was not categorized as a diffuse glioma [231].

The grade of a CNS tumor is an important prognostic factor. Grade-IV tumors are
the most aggressive type of CNS tumor. They have the worst prognosis. In this
study, Grade-IV tumors were diagnosed more frequently than Grade-III tumors.
Other studies have also shown that ”Grade-IV ”tumors are the most prevalent
grade of malignancies of Central Nervous System [232].Gliomas are aggressive and
challenging to treat because of their invasive nature. Understanding the path-
ways that trigger glioma invasion is crucial to develop new anti-invasive treatment

strategies.

Previous research in Pakistan has not examined the predictive value of GFAP
(Glial Fibrillary Acidic Protein) staining for GBM survival. Parameters of GFAP
stain in Glioblastoma Cells and clinical evidence have been found to be strongly
correlated. We determined a cutoff that is clinically applicable.Glioblastoma Sur-
vival, Overall Survival (OS), and Long-Term Survival have independent correla-

tions with GFAP staining levels of " greater” than or "equal” to 75% . [233].Investigations
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on lipids in the cerebral tissues of people with multiple sclerosis provide the ma-
jority of the clinical evidence for GFAP staining[234]. Our findings highlight its
prognostic significance in GBM. Astrocytes are differentiated by the existence of
GFAP. It is a peculiar structural protein that was discovered and described by Dr.
Eng in 1969. GFAP is an intermediate filament (IF) III protein.It is essential for
glial cells’ cytoskeletal structure, preserving their Mechanical Strength, support-
ing nearby neurons, and supporting the blood-brain-barrier. [235]. Among the
10 isoforms of GFAP, GFAP-« is predominantly found in the different regions of
brain and contributing parts of spinal cord [236]. GFAP-4, also known as GFAP-¢
primarily expressing by Astrocytes in the subventricular-zone [237]. The gene en-
coding GFAP is localized to ”human-chromosome-17q21”. It harbor mutations in

certain disease states including Alexander’s disease, and glioma-like tumors [238].

Lower GFAP expression has been seen in giant cell gliomas in earlier research [239].
In astrocytomas, previous studies noted a gradual reduction of GFAP expression
along with invasive malignancy [240]. Genome-wide GBM sequencing did not

identify somatic mutations in GFAP [241].

Low proliferating potential was shown to be present in GFAP-positive tumor cells
by Takeuchi.et.al [233, 242]. ”Berendsen” and Van Bodegraven.et.al., emphasized
the Differential Expression of GFAP which did not consistently align with the
degree of astrocytoma malignancy [243].As a predictive diagnostic for glial tu-
mors, GFAP staining may have some clinical relevance. The potential clinical
effects of GFAP-) which was linked to increased tumor invasiveness in cerebral
astrocytoma, were discussed by Brehar.et.al [244]. These findings are consistent
with our study revealing an association between the percentage of GFAP stain
in the cells of Glioblastoma and Patient Survival. Higher GFAP values in GBM
tissues were strongly correlated with poorer outcomes. GFAP demonstrated a
robust association with overall survival and long-term survival [245]. The obser-
vations were independent of important confounding factors such as Age, Preoper-
ative KPS (Karnofsky Performance Status), Extent of surgery, IDH1-mutations,
and MGMT-Methylation Status. This correlation was confirmed through uni-

variate, multivariate, and survival analyses. The observed association between



Discussion 149

GFAP stained molecules and survival of GBM patients may indicate acute cellu-
lar membrane deterioration in GBM tissue [246]. Previously reported data showed
that decrease in GFAP expression [247], may be due to increased cellular mitotic
rate. Our study employed a GFAP staining for ”quantification” and ”propor-
tional expression”. The present results warrant validation in a large prospective
series.Previous research explored the effect of GFAP affect on the migration of cells
and motility[248]. Such studies have yielded somewhat inconsistent results. Some
studies have associated GFAP expression with higher velocities of cell migration
[249]. Many findings have reported the lower migration velocities [250, 251]. It
is important to note that the GFAP depletion’s impact on cell activity might not
only depend on the specific isoform. It is also affected by the cellular context and
surroundings[252]. Intermediate filament (IF) network can modulate microtubule
organization and cell polarity, promoting migration persistence [253, 254]. How-
ever, it is unclear whether the Absence of GFAP-a or the Dominance of GFAP-9
regulating the directional migration. Moreover, , ECM (Extracellular matrix)
composition and structure are examples of extrinsic variables that may affect mi-

gration and invasion. [255].

Multiple studies have reported an increasing dominance of GFAP-¢ in Grade-IV
glioma tumors [250, 256, 257]. This finding has been supported in our current
study (Fig. 4.4 and 4.5). Brehar et al. found that patients with highly invasive
tumors exhibited higher percentages of GFAP §-positive cells [258]. Glioma tumors
are known for their high heterogeneity. It exists not only between patients but also
at the single-cell level within a tumor [259, 260]. A single tumor likely consists of a
mixture of cells with varying GFAP §/ « ratios. Diverse behaviors may result from
these diverse cell groups. In case of grade IV glioma,It is conceivable that a greater
number of cells with a high GFAP ¢/ a ratio support the infiltration of the brain
parenchyma and subsequent relapse after therapy. Further research is needed to
understand the exact mechanism responsible for the shift in GFAP-Isoform ex-
pression in Grade-IV tumors [261]. The splicing machinery is dysregulated, which
increases the aggressive nature of gliomas [262].In Grade-IV gliomas, hypoxia is

thought to be a major initiator of glioma infiltration. [263]. Our study elucidates
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the intricate relationship between GFAP isoforms, cytokines/chemokine expres-
sion, and glioma invasion. These findings hold great promise for the development

of targeted therapeutic interventions against GFAP-positive glioma tumors.

GBM is characterized by the presence of various Cytokines, including tumor necro-
sis factor-alpha (TNF-«), interleukins (IL1 5, IL6, 118, 11.10), NF-xB p65 (RelA)
and TGFB1. All of them play crucial roles in triggering the inflammatory cy-
cle within the tumor microenvironment. These factors promote carcinogenesis by
preventing growth inhibition, inducing metastasis and angiogenesis, and sustain-
ing the cancer cell stemness [264, 265]. IL-1 8 was found to be overexpressed in
glioblastoma patient samples. IL-1 § induces glioma cell migration.Glycerol-3-
Phosphate- Dehydrogenase (GPD2) is phosphorylated by IL-1 /3, which also stim-
ulates the Phosphatidylinositol-3-kinase (PI3K) Pathway .This pathway supports
tumor cell survival and growth [266]. It upregulates pro-inflammatory cascades at
the mRNA level [267]. The interaction between Ras and IL-1 5/ TNF «a was shown
to enhance IL-8 /IL-6 cytokine hypersecretion. It leads toward the activation of p38
MAPK signaling pathway in GBM cell lines [268]. In vitro studies have demon-
strated that IL-6 stimulates the release of Vascular- Endothelial-Growth-Factor
(VEGF) and has a significant impact on activation of JAK/STAT3 pathway [269].

The focus of current GBM research lies in exploring the role of inflammatory genes
(cytokines/chemokines) to promote tumor cell growth and angiogenesis. We con-
ducted a comparative analysis of gene expression for 11 inflammatory genes and
their corresponding receptors. Tumor-associated normal brain tissue was used as
a reference. IL6, TGFB1, and IL8 (CXCLS) were overexpressed in GFAP-positive
GBM samples, according to the distinct gene expression patterns of chemokine/cy-
tokines and their associated receptors. These genes regulate proliferation of cells,
cell communication, and cellular component movement (Figure 4.4, 4.5). When
compared to global gene expression datasets, CXCL8 overexpression in GBM was
consistently reported (Figure 4.13, 4.15). Our investigation showed a significant
increase in CXCLS expression in GBM. The expression of its receptor (both mRNA
and protein) remained relatively stable in Diffuse-Astrocytoma (Low-Grade As-

trocytoma) and Glioblastoma (High-Grade -Astrocytoma). The findings indicate
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a potential association of IL8 (CXCL8) with the aggressiveness of tumor and its
involvement in cell proliferation pathways. IL8 is a active member of the (C-X-C)
Chemokine family. It was identified initially as a neutrophil chemo-attractant with
inflammatory activity [270]. It also serves as a potent angiogenic factor in tumori-
genesis and metastasis [271, 272]. Despite its recognized angiogenic potency, most
angiogenesis research in glioblastoma multiforme has focused on IL.10 and TGFB1
[273]. The process of angiogenesis involves a complex interplay of multiple fac-
tors [274]. Our findings highlight the importance of CXCLS8 and their associated
inflammatory markers cascade in GBM. Our study also revealed distinctive gene
expression patterns of cytokines and their receptors in GBM compared to diffuse
astrocytoma. The overexpression of IL6, TGFB1, IL 10 and their association with
IL8 (CXCLS8) in GBM demonstrates their potential contribution in an aggressive
tumor, proliferation and survival [275, 276]. Our results are consistent with these
findings and emphasized the relevance of CXCLS8 as a possible therapeutic target
for treating GBM. The IL8 (CXCLS8) chemokine promotes cell proliferation and
endothelial cell survival [277]. GBM and other hyper-vascular tumors have been
found to exhibit a different mode known as vascular mimicry (VM) [278]. VM
involves the formation of cell-lined channels of tumors facilitating the phenotypic
and molecular reprogramming of tumor cells into endothelial-like cells [279]. Anti-
angiogenic therapies such as avastin have been ineffective in reducing VM, which
may explain their limited efficacy [280]. Recent studies have revealed the role of
CXCLS in the invasion and migration of glioblastoma through the NF-xB/AP-1
pathway [281]. It has also been shown to promote a synergistic interaction between
cancer stem cells and endothelial cells in GBM [282]. Autocrine and paracrine sig-
naling of CXCLS plays a critical role in maintaining stem-like traits in glioblastoma
stem cells (GSCs) [283]. The mitogenic effect of IL8 (CXCL8) has been observed
in various cancers, including ovarian, melanoma, prostate, colon, and lung cancers
[284]. Several signaling pathways have been implicated in CXCLS signal transduc-
tion. Activation of PI3K/Akt (Phosphatidylinositol-3’-kinase/Akt), PLC/PKC
(phospholipase C/protein-kinase-C), and Erk1/2 (Ras/Raf,/extracellular signal-

regulated-protein-kinases 1 and 2) cascades has been observed upon stimulation of
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CXCR1/2 by CXCL8. Additionally, Rho, focal adhesion kinase, Rac, and JAK/-
STAT (Janus kinase/signal transducers and activators of transcription) pathways
have been shown to be activated by IL8 (CXCLS8) [285]. Therefore these find-
ings highlighted the significant role of CXCLS in glioblastoma. Inhibition of the
CXCLS8 may serve as a promising strategy to suppress GBM growth.

Previous studies reported the correlation of IL8 with the over expression of IL6 and
TGFB1 for promoting angiogenesis in glioblastoma. IL-6 is a pleiotropic cytokine
known for the acute-phase reaction caused by injury and infection, encouraging
the development of VEGF in different cell types[286]. IL-6 can recruit myeloid-
derived suppressor cells (MDSCs) and Polarize-myeloid cells into an M2-phenotype
in multiple malignancies [287]. The vascular-endothelial-cells within the GBM mi-
croenvironment have identified as sources of IL-6 to induce alternative activation
of tumor-infiltrating macrophages [288]. Our findings align with clinical obser-
vations of increased IL-6 expression in GFAP-positive GBM patients (figure 4.4,
4.5). Moreover, our biopsy-based results are supported by TCGA analysis re-
vealing an association between tumor IL-6 expression and poor survival (figure
4.15,4.16). Previous studies have indicated IL-6 overexpression in the mesenchy-
mal GBM subtype. The elevated expression of IL-6 in glioblastoma is character-
ized by Immunological Infiltrates and Immuno-suppressive indicators [289, 290].
GBM-derived IL-6 may play a role in directing systemic and local immunosup-
pression. Acting as the primary STAT3 Activator, IL-6 binds with the (PD-L1)
promoter and upregulates immunosuppressive cytokines [291]. GBM-derived IL-
6/STATS3 signaling implicated in tumor cell proliferation, angio-genesis, invasion,
autophagy, and maintenance of glioma stem cell [292]. These findings highlight
the multifaceted role of IL-6 in glioblastoma. The development of neovascularity
in GBM is a complex process influenced by various growth factors [293]. Similarly
TGF-B1 plays a crucial role in tumor growth and angio-genesis in gliomas via in-
teracting with other cytokines and macrophages in the tumor micro-environment
[294]. In this study, we performed expression profilling and mutational analysis
of TGF-f1 and the pathway enrichment showed the interaction of TGFB1 with
interleukins and chemokines (Figure 4.19B) Our findings revealed its significance

in the diagnosis of glioblastoma, as depicted in Figure 4.25 and 4.26.



Discussion 153

In our study, we demonstrated the upregulation of cytokines expression in glioma
cells possibly orchestrated through NF-xB pathway. It is important to note that
other genes and pathways may also be involved in these regulatory processes.
Moreover, our results suggest that anti-inflammatory agents have the potential to
inhibit inflammatory genes expression in glioma cells and tumor microenvironment
mediated through the NF-xB pathway. These insights contribute the highlights

of the complex interplay between immune cells and glioblastoma cancer cells.

The NF-xB p65 (RelA) family of pleiotropic transcription factors is sequestered in
the cytoplasm of most normal cells by noncovalent interaction [295]. Recent inves-
tigations have demonstrated that various tumor cells express NF-xB p65 (Rela)
constitutively activated. Interestingly, in glioblastoma, TNF « induces tumor cell

motility and invasion via activating NF-xB [296].

The NF-xB pathway transcription factor NF-xB p65 (RelA) and its related TNF
a were found to be prospective targets in GBM by our comprehensive integrated
approach through bioinformatics and clinical sample analysis ( as mentioned in
result section 4.2.3 and 4.5.2). In this study NF-kB p65 (RelA) and TNF «
were found highly expressed in many tumor types, including GBM from global
databases (figure 4.15). Additionally, we used qRT-PCR to reanalyze the NF-xB
p65 (RelA) and TNF « gene expression levels and transcript in the samples from
GBM patients and discovered higher levels (figure 4.4, 4.5). In vitro glioblastoma’s
ability to invade and infiltrate, NF-kB p65 (RelA) and TNF « play crucial roles.
Therefore, we investigated a variety of datasets, including the Oncomine, GEPIA,
and TIMER databases, to study the relationship between NF-xB p65 (RelA) and
TNF-«a expression in GBM. Previous findings revealed that in the case of GBM,
a various proteins and signaling pathways are dysregulated, which could lead to
NF-xB p65 (RelA) activation [297]. TNF « is an extremely potent NF-xB p65
(RelA) activator. In the CNS, astrocytes, microglia, and certain neurons all re-
lease the pro-inflammatory chemical TNF «. TNF « may indeed, exhibited its
effects through two receptors, TNF « receptors TNFR1 and TNFR2. The major-
ity of cells typically express TNFR1, although oligodendrocytes and immune cells,
particularly microglia, express TNFR2. Also, it was discovered that GBM and
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its associated endothelial cells expressing higher TNFR1 as compared to normal
brain tissues and gliomas with low-grade [298]. It is suggested that TNF « may
be possible diagnostic markers for GBM in response of that NF-xB signaling cas-
cade [299]. The dysregulation of numerous signaling pathways or growth factors
and triggering of pro-inflammatory microenvironment, in gliomas may lead to the
activation of NF-xB p65 (RelA).High constitutive NF-xB p65 (RelA) activity, is
characteristic of GBM [300]. The impact of NF-xB p65 (RelA) and TNF « expres-
sion on the survival time of GBM patients were then assessed utilizing the GEPIA
databases (Figure 4.16A - 4.16B). These results from GEPIA revealed that low
NF-xB p65 (RelA) and TNF « expressions were independent predictors of OS for
GBM. As in the previous studies, patients with GBM had shorter survival times
due to upregulation of NF-xB p65 (RelA) and TNF « [301]. Nevertheless, consti-
tutive NF-xB p65 (RelA) activation appears to promote the growth and metastasis
of tumors by a range of mechanisms, including tumor metastasis, apoptosis, cell
proliferation, angiogenesis, and metabolic reprogramming. It has been established
that NF-xB p65 (RelA) stimulates the development of an inflammatory milieu
that is conducive to the establishment of cancer. According to GBM, constitutive

NF-kB p65 (RelA) activation promotes survival and development [301].

Interestingly, TNF « also induces tumor cell motility and invasion via activat-
ing NF-kB [296].Therefore our findings imply that these two genes can serve as a
significant predictive marker for people with GBM. As anticipated, These genes
(NF-B p65 (RelA) andTNF «) increased SF-767 cell invasion because of other
metabolic stimulus due to presence of LDL protein and receptors, which increases
the cell proliferation turnover of growing tumor cells, these findings are also con-
sistent with this study and caused NF-xB p65 (RelA) activation. As SF-767 cells
revealed high-affinity LDL binding and maximum binding capacity [302, 303].
Our results were categorically established in GBM SF-767 cells with NF-sB p65
(RelA) overexpression and silencing as a positive modulator of NF-xB signaling
by enhancing the translation of p65 transcript. Temozolomide (TMZ), an oral
alkylating cytostatic medication, is frequently used to treat GBM, Therefore, the
SF-767 glioblastoma cell line was used for invitro analysis in the current study (fig-

ure 4.10). According to the data, when the SF-767 cell line was exposed to 10 pM
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TMZ, the inhibition was 33.1%. A higher concentration of TMZ (200 M) proved
to be lethal in GBM cells, resulting in 89% cell death after the treatment. Due
to the heterogeneity of the GBM tumor and its highly angiogenic and metastatic
characteristics, combination therapies are now regarded as an essential component
of anticancer therapy. Cancer monotherapy has become a rare chemotherapeutic
treatment choice. The standard treatment for GBM is temozolomide therapy com-
bined with surgery and radiation therapy, but because this approach has minimal
effect on patients’ overall survival, it is crucial to create drugs that can maxi-
mize their advantages and prevent tumor resistance. The combination of TMZ
with celecoxib would be a workable strategy to treat GBM, even though TMZ has
been successful in treating GBM [304]. However, mounting evidence pointing to
NSAIDs’ wide variety of COX-dependent targets, such as the presence of NF-xB,
B-CATENIN, PPAR DELTA, NAG-1, and BCL-2, suggests that various molecular
pathways are implicated in the anticancer effect of these medications [305]. In this
study, we offer evidence that celecoxib inhibits NF-xB activation while inhibiting
the development of GBM cells. The effectiveness of TMZ and COX-2 inhibitors
in treating GBM in vivo and in vitro has been demonstrated in earlier research,
but the underlying molecular mechanism has not been clarified. However, it has
recently been found that the NSAIDs indomethacin and flurbiprofen suppress the
growth of glioma cells [306]. Celecoxib, a medication used to treat inflammation,
is now also used to treat cancer [307]. There is growing evidence that despite
being a selective inhibitor of COX-2, it exerts anti-tumor effects on cancer cells
that do not contain the COX-2 enzyme. In order to determine if celecoxib alone
or in conjunction with other drugs is beneficial at treating glioblastomas, several
researchers are now engaged in Phase II clinical studies [308, 309].Celecoxib and
temozolomide were also used to treat a rat orthotropic glioma model, proving that
both medications work well together to treat gliomas [310]. Our research supports
the in vitro findings, but mounting evidence pointing to NSAIDs” wide spectrum
of COX-independent targets, such as NF-xB p65 (RelA) and TNF «, indicates
that a number of molecular pathways may be involved to the inhibit-neoplastic
action of these drugs. In the present research, we analyzed the suppressive effect

of celecoxib to the growth of GBM cells by inhibiting NF-xB activation and its
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signaling pathway. Additionally, individuals with glioblastoma receiving temozolo-
mide, dexamethasone, and cranial radiation therapy for peritumoral brains edema
could take celecoxib without any danger [308]. Celecoxib use has increased due to
these trials, offering a desirable anti-glioma treatment plan. In summary, our find-
ings showed that celecoxib suppressed TNF « induced NF-xB activation, which
is known to limit proliferation and trigger apoptosis in GBM cells. In the current
investigation, we showed the anti-inflammatory role of potential drug candidate

to suppress the NF-xB transcriptional activity.

In order to investigated the potential contribution and mechanism of inflamma-
tory genes profiling, the PPI network by GeneMANIA and STRING and Pathway
enrichment has been investigated, and the biological processes associated with
inflammatory genes from GFAP positive and GFAP negative group (IL-1 3, IL-
6, IL-8, IL-10, TGF-3, and TNF-«a, NF-xB) were analyzed with Metascape
and g:profiler in order to understand the molecular mechanism in the result section
4.9 and 4.10 . However, cytokines with elevated expression levels IL8 (CXCLS8)
and GCSF (CSF3) were found from both groups significantly correlated with the
other genes interactions through STRING (Figure 4.181, 4.18]). Therefore, our
results demonstrated the important biological processes involving the cytokines
interacting genes in Metascape. We hypothesized that the biological functions of
inflammatory genes related to immunological processes, resulting in poor progno-
sis with elevated expression levels in GBM. Based on this presumption, TIMER
was employed to investigate the correlation between the highly expressed genes
found in the GBM clinical samples with the immune cells of GBM microenviron-
ment. It is demonstrated in the previous studies that TGFB1, NF-xB p65 (RelA)
and TNF « are the signaling molecules and showed significant contribution in the
progression of cancer. Numerous studies highlighted TGFB1,NF-xB p65 (RelA)
and TNF o mediated exacerbation of inflammation in the tumor microenviron-
ment via interacting cytokines and macrophages. Similarly in our analysis these
three genes are significantly correlated with the expression of other inflammatory
genes (Figure 4.20). Hence these genes have been selected for immune infiltration

analysis in the current study.
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Previous literature evident that the microenvironment around gliomas is rich in
chemotactic and inflammatory agents. These include colony-stimulating factors
(CSFs), glial cell-derived neurotrophic factor (GDNF), and monocyte chemoat-
tractant proteins (MCPs). These factors are responsible for the recruitment of
tumor-associated macrophages (TAMs). They polarize TAMs from M1 to M2
phenotypes to promote tumorigenesis [3117 ]. These findings were also consis-
tent with the immune infiltration analysis of CSF3 with GBM (Figure 4.21). It
is reported that in GBM tissue samples, higher levels of IL-6 in the cerebrospinal
fluid have been linked to a larger population of TAMs [312]. Our GBM analysis
revealed the presence of nine immune cell types associated with patient survival.
Previous research has indicated that tumor-associated macrophages interact with
tumor cells through direct contact or various signaling pathways [313].These find-
ings indicate the possibility that GCSF (CSF3) signaling and the preservation of
the tumor microenvironment (TME) are associated. Co-expression of GCSF and
IL-6 reported to have co-augmenting effects on neutrophils. This phenomenon
causes elevation of STAT3 expression and decreased JAK/STAT pathway activa-
tion [314]. Moreover, our study revealed enrichment of differential immune-related

genes in the JAK/STAT signaling pathway.

Consequently, Immune-suppression is a defining aspect of the patho-physiology
of cancer [315]. The activation of NF-xB-signaling is also necessary for tumor-
associated macrophage (TAM) immune suppression and polarization in glioblas-
toma multiforme [316]. GM-CSF enhances the immunosuppressive activity of
myeloid-derived suppressor cells. It activated the interleukin-4 receptor-a (IL-4R
«) [317]. These observations strongly suggested the crucial role of TAMs in the
development and progression of GBM proposing them therapeutic targets in GBM.

Neutrophils are recruited in response of inflammation to chemotactic agents in-
cluding GM-CSF, CXCL1, IL-6 and IL-8. As a result, neutrophils secrete vari-
ous Pro-Inflammatory Mediators, including IL-1 3, 1L-6, TNF-«, 1L-12, MMP-
9, arginase-1, and VEGF. These mediators promote angiogenesis and establish
Immuno-suppressive State [318]. Pro-Inflammatory Mediators like LPS, IL2 and
G-CSF protect neutrophils from programmed cell death [319].
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Numerous cell types, including endothelium, epithelial, fibroblasts, astrocytic, mi-
croglial cells and monocytic, release MCP-1 (Monocyte Chemoattractant Protein-1
). It revealed as the primary chemotactic factor responsible in TAM recruitment
[320]. A strong correlation has been observed between increased expression of
MCP-1 and infiltrating microglial cells in a rat glioma model.Previous study re-
vealed an increase of ten-fold in the cells of microglia in GBM as compared to
control samples [266]. Similarly, TAMs in human glioblastoma multiforme cells

recruited by glioma-derived MCP-3 [142].

Tumor-derived M-CSF (macrophage colony-stimulating factor/CSF1) and GM-
CSF (granulocyte macrophage colony-stimulating factor/CSF2) | play significant
roles in microglia accumulation, activation, progression of glioma and activation
[321, 322]. These factors also interact with other pro-inflammatory cytokines,

including TNF (tumor necrosis factor) and IL-1 § (interleukin-1 beta).

Increased expression of M-CSF(CSF1) has been associated with angiogenesis in
various tumors. M-CSF stimulates microglia to secret IGFBP1 (insulin-like growth
factor-binding protein 1), promoting angiogenesis in glioma [323]. GM-CSF/CSF2
triggers microglial cells to enhance the infiltration capacity of tumor cells in human
glioma. The presence of CSF2/GM-CSF has been shown to increase the migration

capacity of glioma cells. As a result, it confers resistance to apoptosis [324].

Glioblastoma (GBM) is characterized by its genomic heterogeneity which reflects
the intricate molecular landscape of this tumor [325]. Our study also aimed to in-
vestigate the role of Granulocyte-Colony-Stimulating-Factor (GCSF) in glioblas-
toma in GFAP-negative cells to validate the correlation of GCSF with GFAP
positive and GFAP negative glioblastoma samples. Previous research revealed
that With the exception of glioblastomas, all GFAP-Positive tumors exhibited
G-CSF expression. G-CSF expression was significantly reduced in recurrent tu-
mors that had grown more dedifferentiated than their initial equivalents. In some
GFAP-Negative tumors, such as Oligodendro-gliomas, G-CSF expression could
not be seen [326]. Whereas Our THC results clearly demonstrated that positive
GFAP expression in Grade IV gliomas because of presence GFAP isoform variant

(GFAP-9) in glioblastoma (Figure 4.3).
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We carried out the the analysis of GCSF, GCSFR, and STAT3 gene expressions
in tumor-associated normal tissue (TANT) and grade-IV glioma. We observed
statistically significant differences in their expression levels. The co-expression of
GCSF and GCSFR suggests the potential for heightened autocrine and paracrine
signaling in GBM [327]. Our RT-PCR-based study on glioblastoma patient biopsy
samples revealed that GCSF functions as a tumor-promoting factor (Figure 4.7).
It modulates the malignant biological properties of glioma cells. The increased
expression of GCSF, GCSFR, and STAT3 genes was further validated by quan-
tifying their respective proteins using ELISA (Figure 4.8). It was discovered in
earlier studies that the granulocytosis typical of malignant disease may be as-
sociated to the production of G-CSF by (brain) tumor cells.Previous research
described peripheral blood glioblastoma multiforme with severe granulocytosis
[328].Constitutive activation of STAT3 suppresses host anti-tumor immune re-
sponses. As a result, it orchestrates unregulated tumorigenesis, angiogenesis,
and the induction of immune evasion mechanisms. The increased expression of
GCSF appears to facilitate STAT3 activation. STAT3 activation contributes to
GBM immune evasion through a reduction in activated circulating lymphocytes
and regulatory T cells (Tregs) [329]. We conducted a meta-analysis of RNA-seq
datasets to identifying differentially expressed genes . Our results demonstrated
that molecular mechanisms differ distinctly based on the expression patterns of
specific genes in glioblastoma. Our findings revealed that high expressions of
GCSF and GCSFR independently predicted decreased overall survival (OS) for
GBM patients. Our research confirmed that both genes expression were signifi-
cantly correlated with patient survival as disscussed in result section 4.8 . Multiple
studies have highlighted the role of GCSF in exacerbating inflammation within the
tumor microenvironment [330]. Our study validated the upregulated expression
of GCSF in GBM and these findings were also consistant with in various cancer
types [331]. Our study advances knowledge of the tumor-promoting characteristics

connected to this aggressive brain malignancy.

Oncogenic mechanisms underlying GBM progression often involve genetic alter-
ations and karyotype changes [332]. In our study through Insilico mutational

analysis, we observed various genetic alterations in the inflammatory genes and
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their associated driver genes due to their significant up regulated expression in
GBM. In order to analyze the aberrant shift and changes in the gene expression of
highly expressed genes, DriverDBV3 and ¢BIO Portal were applied in the current
study.

DriverDBV3 imparts the extensive exome-seq data set published recently by com-
bining driver gene analysis from various approaches and visualizing mutation
data according to many factors. Based on various presumptions and character-
istics, various bioinformatics techniques have been employed to discover driver
genes, each offering a different perspective. Gene-Ontology, Pathway analysis
and Protein/Genetics Interaction are the three levels of biological interpretation
offered by driverDBV3, which integrates the study results of one or multiple
methods [217]. The results of this visualization will help analyze the links be-
tween the driver genes. This study illustrates a driver gene found in glioblastoma
multiforme (GBM). The 20 driver genes discovered were TP53, EGFR, IDHI,
PIK3CA, PIK3R1, PTEN, LRRC37A, GSTM1, SIRPB1, SLC24A3, OS9, MELK,
ZBTB42, UGT2B17, ENHO, and CDKN2B (each gene by at least 7 methods
by driverDBV3). The important six genes listed (EGFR, TP53, PTEN, PIK3CA,
PIK3R1, IDH1) are recognized as crucial in developing GBM tumors due to harm-
ful mutations [333]. Therefore, through integrated analysis 12 mutations reported
in the EGFR gene, 12 in the TP53 gene, 11 in the PTEN gene, 9 in the PIK3CA
gene, 9 in the PIK3R1 gene, and 7 in the IDH1 gene. The 20 genes have been
identified by our functional analysis as being involved in cell cycle-related cate-
gories, including phosphatidylinositol 3-kinase complex, cytoplasmic part, region
of cytosol, cytoplasm, and apical plasma membrane, as well as in the molecular
functions of driver genes of glioblastoma in relation to natural killer cell lectin-like
receptor, insulin substrate insulin binding, and cyclin-dependent protein serine-
threonine. A few abnormalities that cause primary glioblastoma (GBM) to pro-
liferate and invade angiogenetically are EGFR Overexpression, PTEN (MMAC-I)
Mutation, CDKN2A (p16) Deletion, and, less commonly, MDM2-Amplification
[334]. In secondary GBM, TP53 mutations are typically the first genetic changes
found [335]. Moreover, the IDH mutation was linked to the G-CIMP (Glioma CpG
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Island Methylation Phenotype) of enhanced DNA methylation [336]. Somatic mu-
tations in the iSH2 domain of PIK3R1, which encodes P85, provide a different
way for tumors to downregulate the PI3K signaling cascade. This mutation also
promotes the development of GBM [337]. In engineered mouse models and pri-
mary human cell systems, activation of PI3K signaling through PTEN loss or AKT
overexpression has also been shown to promote the development of GBM tumors
, validating the clinical significance of changes in this pathway that have been dis-
covered in GBM patients [338]. Similarly, EGFR gene amplification and mutations
play a significant genetic role in GBM, increasing the expression of both the wild-
type (EGFRwt) and mutant oncogenic versions of the EGFR [339]. It has been
shown that the mutant receptor may activate PI3K without PTEN loss because
EGFRVIII strongly correlates with the activation of mTOR in vivo [340].Due to
genetic modifications in the PTEN tumor suppressor gene on 1023, such as LOH,
Methylation and Mutation, and, 60% of GBMs have unregulated PI3K Signaling
Pathways [332]. As reported poor survival in Anaplastic-Astrocytoma patients
and GBM pateints are correlated with PTEN gene function loss caused by poly-
morphism or LOH,indicating that PTEN is involved in patient outcome [341].
TP53 mutations have been discovered to directly reduce overall survival in glioma
patients [342]. The DNA-binding domain has missense mutations, accounting
for 75% of p53 mutations [343]. The components of this pathway (PTEN, p110,
p85, and probably receptor tyrosine kinases like EGFR) are the starting locations
for signaling accelerated invasion among the prevalent alterations that promote
GBM development and progression. Given that 46% of GBM patients have mu-
tually exclusive mutations in PIK3CA, PIK3R1, and PTEN, the PISK pathway
is a promising therapeutic target [344]. Poor survival effects were identified for
the other three genes, CRISP2, DCSTAMP, and MLPH. Many physiological and
pathological processes, such as immunology, venom toxicity, reproduction, and
cancer biology, have been linked to the CAP family of proteins [345]. Cell-cell
adhesion, a crucial step in establishing and maintaining tissue patterns during
development and a crucial mechanism during invasion and metastasis, one of the

hallmarks of cancer, is mediated by DCSTAMP and MLPH [346].

In the current study TGF-£1 was found upregulated in the clinical GBM samples
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and globally available GBM datasets as discussed. Similarly immune infiltration
analysis also validate these findings. Previous studies reported TGF-31 impor-
tance in respect to cell invasion, angiogenesis, and the inhibition of the immune
system and making it a known driver of GBM invasion [311]. Hence, in addition
to its varied roles in the formation of GBM, TGF- 1 adds a new function as a
result of our findings. Due to its effects on cell proliferation, tumor invasion, an-
giogenesis, immunosuppression, and the preservation of the steaminess of glioma
stem cells (GSCs), the TGFB1 pathway has been recognized as a mediator in the
initiation and progression of gliomas [347].We analyzed the degree of expression
of TGFBI1 in the current study, to evaluate the mutational status of the pro-
tein in GBM. It was found that the protein expression was markedly elevated in
GBM biopsy samples. Human investigations have shown that malignant glioma
tissues overexpress TGFB1 while normal brain tissues are undetectable, further
demonstrating that TGFB1 is involved in the growth of gliomas [348]. TGFB1
driver gene mutation data were visualized using driverDBV3 through Insilco anal-
ysis. Hotspot mutation sites (in the protein’s center and end), particularly in
the ”Mutation Percentage of TGFB1” were identified and computed (Figure 4.25,
4.26). It was noted in earlier studies, missense and deep deletion mutations of
TGFBI were the most prevalent in GBM [349]. This has been identified as the
cause of the suboptimal response to TGFBI1 inhibitors in GBM with mutations in
the Extracellular-Domain.Additionally to EGFR mutations at the kinase domain
(KD), mutations at the extracellular domain activate EGFR in GBM. This has
been observed as the cause of the poor response of GBM to EGFR Inhibitors e.g
"erlotinib” that targeting the active-kinase conformation in GBM with mutations
in the extracellular domain [350]. Our calculations successfully simulated this
pattern, also visible in the 'Mutation Profile’ of TGFB1 in DriverDBV3. Study
showed that miRNA expression is aberrant in cancer due to miRNA gene am-
plification, loss, translocation, epigenetic silencing, Dysregulation of Transcription
Factors such as "p53 and c-Myc”, and flaws in the ”enzymatic machinery” involved
in synthesis [351]. The TGFBI1 exhibited a 638.2k median expression copy number
gain, while the segment means 0.489 at 0 to 0.5. Similarly, the bar chart’s colors

represent a functional impact of mutation. Similar to the theTGFBI, the segment
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means for the TGFBI1 ranges from median -0.66 at -1 to -0.5 and 320.7k median
expression copy number loss. When DriverDBV3 determined the segment mean
from 0.0480, TheTGFB1 displayed 580.4k expression copy number none. Finding
mutations that cause cancer still poses a considerable difficulty, according to sev-
eral studies that evaluated the effectiveness of current techniques for predicting
harmful mutations.Therefore, we used the ”Driver-Score” to highlight the Hotspot
Mutation Zone and explain the detrimental intensity of a mutation through the
driverDBV3 which incorporates the data from seven computational techniques to
examine the mutational data focused on one or more specific protein positions,

locus enrichment, domains, exons, or cancers.

Similarly from GFAP negative group we found high expression of GCSF (CSF3),
so in order to investigate the possible mechanism and changes in the genomic
landscape causing mutations, the CBioPortal online tool has been applied. In the
current study GCSF gene observed deep deletions (0.34%), mutations (0.51%),
amplifications (0.84%), high mRNA expression (1.86%), low mRNA expression
(1.01%), and multiple alterations (0.17%). These genetic alterations were directly
correlated with significantly upregulated mRNA expression. The findings high-
light the potential functional impact of these changes [352]. However the GBM

heterogeneity remains poorly understood.

In the current study we identified intricate interconnectedness between potential
drug targets and associated proteins. The normal expression patterns of differ-
entially expressed genes (DEGs) influence the expression of these biomolecules.
The disruptions in their regulation can lead to dysregulation of the pathways.
Previous investigations have demonstrated that GCSF enhances STAT3 phospho-
rylation and JAK2 overexpression by binding to G-CSFR. As a result, it promotes
GBM cell migration and proliferation [353]. Filgrastim (rhG-CSF) is administered
parenterally. It is used to mitigate chemotherapy-induced neutropenia [354]. Our
study revealed that GCSF can upregulate GCSFR and STAT3 in glioblastoma
patients. Importantly, we found that GCSF is highly expressed in high-grade
glioblastoma. Th results suggest a strong association between GCSF, GCSFR,
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and STAT3 activation through increased phosphorylation. Cationic peptides pos-
sess unique characteristics that make them capable of inducing tumor cell apop-
tosis process [355]. They are more often acknowledged as having potential drug
candidates for enhancing anticancer therapies. When considering ligands, a Low-
Binding Score is favored. It shows direct correlations with higher binding affinity.
In our docking study, Nisin was docked with the GCSF (5GW9) protein. It re-
sulted in the identification of 33 docked clusters, with 7 clusters exhibiting the
most favorable hydrophobic interactions. Cluster 0 displayed the lowest energy-
weighted score of -554.7 kcal/mol. It was the most stable complex. Notably, the
anticancer peptide Nisin exhibited potent hydrogen bond interactions with amino
acid residues in both clusters. In current investigation, Nisin induced significant
apoptosis in the SF-767 cell line compared to the normal CHO cell line. This may
be attributed to electrostatic interactions between the negative-charged cell mem-
branes and cationic nature of Nisin the cationic Nisin of tumor cells, which contain
anionic substances like phosphatidylserine. Moreover, our findings revealed a di-
rect relationship between Nisin concentration and cell viability. Previous studies
have reported that Nisin induces programmed cell death, and inhibits cell growth

in various cancer types including colorectal cancer [356].

This study inferred that these inflammatory genes might be an early diagnostic
markers for GBM patients since the expression trend of these genes was essen-
tially compatible with the transcript. The retrospective nature of this study also
represents a significant limitation. In future, in vivo experiments may warranted
to unravel the molecular mechanisms underlying the interactions between inflam-
matory genes and the therapeutic potential of repurposed drugs and anti-cancer

peptides/Bacteriocins i.e., “Nisin” against glioblastoma.
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Conclusion and Future Work

Glioblastoma (GBM), the most malignant subtype of glioma, remains a major
challenge in terms of pharmacological treatment. Molecular characterization based
on genomic, transcriptomic, and epigenetic profiling has provided a better under-
standing of glioma subtypes and the individual paths of glioma evolution. The
study aimed to identify robust inflammatory gene signatures and molecular mech-
anisms underlying GBM to facilitate the development of novel and more effective
therapeutic strategies. The study involved the profiling of inflammatory gene ex-
pression and in vitro drug response in high-grade gliomas, combining GBM and
tumor-associated normal tissue samples from multiple studies. Chemokines, cy-
tokines, and chemotactic agents were found to play crucial roles in GBM develop-
ment, angiogenesis, immune suppression, and inflammation. Inflammatory gene
signatures, including interleukins, NF-xB p65, GCSF and TGFB1, were identified
as important players in inducing angiogenesis and resisting apoptosis in GBM.
Celecoxib was found to reduce the viability and proliferation of glioblastoma cells
and inhibit NF-xB p65 and TNF«a expression in a dose-dependent manner. Driver
genes and TGFB1 mutation were identified as significant factors in GBM, show-
ing differential regulation concerning distinct cellular pathways. Tumor-associated
macrophages (TAMs) and neutrophils were implicated in establishing an inflam-
matory and immunosuppressive state in GBM.GCSF, GCSFR, and STAT3 were
found to be associated with GFAP-negative expression in high-grade gliomas. In-

tegrated analysis of transcriptomic and proteomic profiling revealed enrichment
165
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in disease-related pathways and identified potential therapeutic targets for GBM.
Computational docking analysis suggested that Nisin, an anticancer bacteriocin
peptide, could inhibit the growth and metastasis of glioblastoma by targeting
GCSF. The study highlights the importance of multi-parametric approaches, per-
sonalized profiling, and the integration of genomic and functional levels in glioma
research. The identified robust DEGs (differentially expressed genes) have the
potential to serve as diagnostic markers and therapeutic targets for GBM. The
study suggests that understanding the pharmacogenomic features of inflammatory
biomarkers in brain cancer, particularly glioma emphasizes the need for person-
alized treatment strategies and the linking of genotypes to functional phenotypes
in order to identify therapeutic options for specific glioma subpopulations. This
understanding can lead to more effective, individualized treatments, thereby en-

hancing outcomes for individuals dealing with this challenging condition.

6.1 Future Work

Future work recommendations include additional investigation of identified gene
signatures and molecular mechanisms, validation of therapeutic targets through
preclinical and clinical studies, investigation of personalized treatment plans based
on patient characteristics, integration of various profiling approaches, development
of targeted therapies, and investigation of combination therapies for improving our
understanding of and treating glioblastoma (GBM) and its subtypes. Longitudi-
nal profiling, In wvitro study validation in relation to the anti-inflammatory roles
of the genes and monitoring of glioma patients to understand the dynamics of
molecular changes, CNV identifications during treatment and disease progression.
The study’s findings could be strengthened by considering the potential influence
of age, gender, ethnicity, and environmental factors in glioblastoma. These factors
may contribute to variations in treatment response and outcomes, and exploring

their impact could provide valuable insights for personalized medicine approaches.
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