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Abstract

Glioblastoma multiforme (GBM) is a tumor of glial origin and is most malignant, aggressive,
and prevalent with highest mortality rate in adult brain cancer. The clinical treatment
available is surgical resection of tumor followed with standard drug Temozolomide (TMZ).
The current standard treatment has major limitations with 50% of patients’ resistance to TMZ
and average survival of 15 months after diagnosis. This underscores the need of investigating
novel potential drugs and their targets in GBM. Rosmarinic acid (RA), natural constituent of
Lamiaceae plants have reported neuropharmacological and anti-cancerous properties.

This study seeks to investigate the binding and interacting potential of rosmarinic acid with
aberrant expressing proteins in GBM. This study evaluates the molecular interaction of
rosmarinic acid to following target protein: Hsp27, EGFR, TNF-a, Annexin A2, IL17A,
galectin-1 as protein-ligand interactions play a vital role in drug design. Automated docking
studies were performed utilizing Autodock4 to provide useful insights into rosmarinic acid
bindings to GBM potential targets. The results show encouraging therapeutic potential of RA
against targeted proteins with strongest interaction and binding affinity to HSP-27 and TNF-a
out of the selected proteins. The docking comparison of RA with standard drug
Temozolomide indicated binding interactions of TMZ with selected targeted proteins. RA
formed more stable conformation with targeted proteins compared to TMZ on the basis of
binding energy and protein ligand orientation.

Uncharacteristic glycosylation has been associated with tumorigenesis and metastasis
mechanisms. Sialic acid sugars attached to glycoproteins and glycolipids upregulation is a
hallmark feature of tumor cell. Glycosylation can also be a potential diagnostic marker as
well as a putative aim for therapy in GBM. The study also predicted the glycosylation sites in
the above targeted proteins employing NetN Glycan software. Whereas protein glycosylation

pattern was also investigated in U87 malignant glioma (U87-MG) cell lines. Moreover,

Vi



differential protein expression between sensitive and resistant variants of U87-MG cell lines
to standard drug TMZ were studied using 2D gel electrophoresis and SDS-PAGE. Protein
spot identification and statistics were performed with the help of Delta2D software. A total of
10 protein spots were identified as differentially expressed. These findings may aid in
understanding the potential role of these proteins and can serve as potential biomarkers and

drug targets for GBM.

vii



Chapter 1 Introduction

Introduction

Glioblastoma Multiforme (GBM) has continued to maintain its position as one of the deadly
cancers with least survival time (Smoll et al., 2013). GBM being the most prevalent among
other brain tumors mostly targets the cerebral hemisphere’s subcortical white matter within
cortico-temporal region of brain (Alabama, 2010).

Gliomas are the brain tumours of glial origin. Glial cells support and maintains the neurons in
brain. Out of all brain tumours, 30% of cases accounts for Gliomas. (Anjum et al., 2017)
Histologically they are classified as astrocytic, oligodendroglia, or ependymal cells
depending upon their morphology based on hypothesized line of differentiation. According to
WHO (world health organization) gliomas are classified as astrocytic tumors (Grade I-
IV), oligodendrogliomas, ependymomas, and mixed gliomas (Anjum et al., 2017). Gliomas
are graded based on their degree of malignancy from | to V. Grade I: pilocytic astrocytoma,
Grade II: diffuse astrocytoma, Grade I11: anaplastic astrocytoma, and Grade IV: glioblastoma
(GBM). Glioblastoma multiforme (GBM) is the most malignant, aggressive, and common
with highest mortality rate in brain cancer. The intra-tumoral heterogeneity of GBM makes it
challenging for recognizing and then validating the biomarkers and exigent in therapeutic
research due to their refractory responses to available treatment options (Suvasini et al.,
2011). Besides histological classification, molecular classification of GBM can be exploited
for targeted drug discovery. There are four subtypes based on molecular profiling; 1)
Classical: with chromosome 7 over expression and chromosome 10 under, and EGFR up
regulation, 2) Mesenchymal: NF loss, reporting CD44 and MERTYK, markers of epithelial-
to-mesenchymal transition, tumour necrosis factor genes and NF-xB pathways upregulation.
3) Proneural: PDGFRA expression alteration and IDH1 mutation. 4) Neural: shows neural

markers NEFL, SYT1, GABRAL, and SLC12A5. Gliomas are clinically characterized
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histologically and genetically by IDH1 and IDH2 mutations and the methylation status of
MGMT promoter for determining treatment approaches (Shergalis et al., 2018) (Taylor et al.,
2019).

Patients diagnosed with GBM exhibit different symptoms depending upon the tumor location
and size in brain region. For example, vision and hearing problems arise when the tumor is in
temporal lobes, personality changes could arise with tumor in frontal lobe. Multitude of
varying symptoms are shown in patients including seizures, vomiting, headaches, nausea,
blurred vision, and even impaired cognitive functions. Hence the tumor is diagnosed and
located with the help of MRI scans and correct diagnosis can be done after the tissue analysis
of tumor resection. Stereotactic biopsy can be performed based on tumor location. Allowing
the surgeons to remove the malignant tumor vital for the survival of patients (Hottinger et al.,
2014).

Etiology of GBM is still unknown. There are multiple factors because of which we are unable
to pin-point certain factors causing the disease. Tumor heterogeneity, with tumors located on
different parts of same organ (inter-tumor heterogeneity) and also cells within the same tumor
(intra-tumor heterogeneity), is the hallmark of GBM pointing towards different genetic and
molecular causes (Anjum et al.,, 2017). Several cancer inducing molecular pathway
mutations, genetic abnormalities contribute to glioma genesis, which makes it challenging to
untangle the molecular cause. 60% of cases originate de novo while lower grade malignant
tumors give rise to 40 % of the cases (Kanderi et al., 2021).

The most accepted GBM causes include complete or loss or heterozygosity of chromosome
10, pl6INK4a deletion, pl4ARF and p53 mutation, RB1 methylation, and MGMT
methylation. These are the mutations in DNA repair mechanism hence called mutator
phenotype. P53 pathway is also reported to be disrupted in GBM. Amplification in EGFR

expression on chromosome 7 (An et al., 2018).
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Non-lonizing electromagnetic radiation even from cell phone use, pesticides, head trauma
which triggers gliosis are associated with glioblastoma causes. Exposure to ionizing radiation
has been linked to glioblastoma development because patients treated with radio therapy for
acute lymphoblast leukemia (ALL) have frequently diagnosed with GBM and its proliferation
(Alabama, 2010).

GBM is known as adult brain cancer, reported in people after 45 years of age. It rarely effects
children with only 8.8 % of tumors in children are GBM. Older the person, greater the
chances of GBM development. The average age of GBM patients is 62. It effects both
genders but primary GBM is reported more in males while secondary more in females
(Anjum et al., 2017).

Glioblastoma being the most damaging tumor, with recurrent relapse and fatal prognosis the
survival time of the patients are very trifling. The mean period is 8-15 months after diagnosis
and 3-9 months in case of recurrent tumor growth. The long-term survival is reported in very
less percentage of patients, 2.2% survive 3 years and total 5 years survival is only reported in
5% of the patients (Hanif et al., 2017). With the improvement in drugs, survival time is
expected to be increased in near future. On account of low no of long-term survival group,
the identification and research on long term survival group biomarkers becomes challenging.
Younger patients, lower ki-67 values (protein associated with tumor proliferation and
growth), hypermethylation of MGMT (O-6-methylguanine-DNA methyltransferase) are
associated with increased survival time (Smoll et al., 2013).

The treatment of GBM is challenging considering the heterogeneity of the condition, one
drug that might be showing good results on one patient might not work for another. Years of
research and multimodal treatments including surgery, radiotherapy combined with

chemotherapy still gives the average survival rate of 15 months.
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Radio therapy still holds the conventional status to prevent the local relapse after surgery.
The dose depends upon tumor volume and patients’ conditions, for patients up to 70 years of
age 60 fractionated radio therapy with 60 Gy in 2-Gy fractions and for older patients hypo
fractionated radiation therapy 40 Gy in 2.66-Gy fractions is given with adjuvant chemo
therapy (Cabrera et al., 2016).

After the approval of temozolomide in 2005 by FDA, it is given as the first line of drug after
surgery and also as adjuvant therapy along with radiation therapy. It is an DNA alkylating
agent, but its acquired resistance is the problem. TMZ works by targeting guanine on O° and
N’ positions. It causes the apoptosis of cancerous cells and prevents DNA replication. Given
in both oral as well as injectables, it’s given in 150-200mg/ m? of body mass index. In is
given in cycles for 5 days after 28 days. Total 6 such cycles are given and then the condition
is assessed. The dose determination is important since at low doses MGMT DNA repair
enzyme has reduced action and higher dose can lead to resistance even in sensitive patients.
50% of patients are irresponsive to TMZ treatment. TMZ sensitive patients have methylated
MGMT (methyl-guanine-methyltransferase) while hypomethylation have been reported in
resistant patients. MGMT (DNA repair enzyme) play role in resistance through repairing N7
and O6 positions of guanine which temozolomide alkylated (Yi et al., 2018). Methylation of
promoter region of MGMT can lead to silencing of the enzyme which is associated with
increased survival time.

TMZ resistance is multifactorial one and therefore, genomic and proteomic profiling of
patients could be useful clinically (Lee, 2016) (Anjum et al., 2017). Before the approval of
TMZ Nitrosourea was the most prescribed drugs for gliomas but because of its toxicity

against liver kidney and bone-marrow, it is avoided now (Brada et al., 2010).
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Figure 1. 1: Mechanism of action of TMZ against GBM (adapted from Anjum et al.,

2017).

The unwanted side effects and resistance of the available drugs have intrigued the researchers

to investigate the phenolic and carbonyl based natural active compounds. Literature data

provides plethora of evidence regarding the neuropharmalogical application of Rosmarinus

officialise (Ghasemzadeh et al., 2020). Rosmarinic acid (RA), an active compound of

Rosmarinus officialise, is a phenolic carboxylic acid. Other Lamiaceae species plants also

contain RA like lemon balm, oregano, peppermint , sage, and thyme. (Sengelen et al., 2018).

RA has widely established properties as anti-inflammatory, antioxidant, and anti-microbial

activities (Lamaison et al., 1991). RA has also reported as potent anti-cancer, anti-lipid

peroxidation and apoptotic effect (Sharmila et al., 2012). In anti-cancerous properties, RA in

a study has shown to supress cell proliferation and anti-oxidant effect at 80-130 uM
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concentration and a prooxidant effect and cell death through necrosis was observed at 200 uM
and higher concentrations (Ramanauskiene et al., 2016).

Glioblastoma tumor even after aggressive treatment with chemo and radio therapy, persist to
be severely resistant to available treatment strategies and disease prognosis remain awfully
low. Even with the advancements, continuous research and increase in available treatment,
the GBM prognosis have not been improved considerably over past decades. These
challenges have driven scientist to reevaluate the current treatment and explore new targets
and compounds for GBM (Wu et al., 2021).

This study would focus on Rosmarinus officialises isolated constituent rosmarinic acid to find
its interaction with GBM drug targets utilizing in silico docking tools. The glycosylation
PTM prediction of the targeted proteins and its effect on GBM. To study the normal and
aberrant cellular processes cancer cell lines are important model systems. U87MG (malignant
glioma) is probably the most commonly used cell line for research on human glioma (Allen et
al., 2016). U87 cell lines are TMZ sensitive (Taylor et al., 2019). Resistance in the sensitive
cell lines can be introduced through gradual increased doze of TMZ administered to the cell
lines. After successful development of resistance in u87 cell lines against the standard drug.
This study aims to do comparative analysis of sensitive and resistant variant of the same
parental U87 cell lines utilizing proteomic techniques including SDS-PAGE, 2D gel
electrophoresis and PTM focusing on glycosylation. These studies could provide an insight to
the cellular mechanism at protein level behind the reason of developing resistance.

Proteins are the functional units and final product of gene expression. In silico docking of
selected targeted proteins against our natural phenolic compound of interest Rosmarinic Acid
has potential to identify novel drug targets in GBM as well as the potential of RA as a
prospective candidate for GBM treatment (Shergalis et al., 2018). To identify proteins as

therapeutic targets, post translational modifications are needed to be evaluated. Identified
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PTMs are characteristically traced as disease markers as well as many are targeted for
specific drug therapies. (Karve et al., 2011).

Uncharacteristic glycosylation has been correlated with tumorigenesis and metastasis
mechanisms. Sialic acid sugars linked to glycoproteins and glycolipids upregulation is a
hallmark feature of tumour cell. Glycosylation can also be a potential diagnostic marker as

well as a putative aim for therapy in GBM (Veillon et al., 2018).
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Literature Review

Glioblastoma, the grade IV cancer is challenging to treat even with the current advancements
because of its genetic heterogeneity, blood brain barrier protection, immunosuppressive
microenvironment, and high infiltration. Even the targeted therapy has not been success
because of multiple factors driving the same tumor. Hence, it has been proposed that
personalized target inhibition and combination of inhibitors targeting the aberrant expressed
targets could show improved results. This also has limitations until now because of lack of
effective therapies option available (Hottinger et al., 2014).

MicroRNA (miRNA) exogenous non-coding RNA, differential expression and their
downstream pathway has been linked with GBM. Utilizing the in silico tools of Gene
Expression Omnibus (GEO) database and The Cancer Genome Atlas (TCGA) database a
miRNA -mRNA regulatory network and data on differential expression has been constructed
(Lou et al., 2019). 10 up and 23 down regulated miRNA were reported on comparison with
normal tissues. The up-stream transcription factors can regulate these mi-RNA so FunRich
software was used to predict them. Potential target genes were predicted with miRNet
database and then Cytoscape software to shortlist the HUB genes.it was found that cGMP-
PKG signaling pathway was affected by the found down regulated genes and PI3K-Akt
signaling pathway linked with the identified up-regulated genes. These pathways are linked
with tumors and glioma progression. The identified genes e.g., EGFR and VEGFA controls
glioma growth, MYC promotes glycolysis and spread of GBM. CD44 has role in GBM
malignancy (Lou et al., 2019).

EGFR is transmembrane tyrosine kinase receptor, and 57.4% of primary GBM cases report
increase in EGFR gene expression and hence upregulated levels of EGFR are associated with
GBM. RA have been reported as an inhibitor to epidermal growth factor (EGF) (An et al.,

2018).
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RA role as inhibitor of epidermal growth factor receptor (EGFR) triggers head and neck
squamous cell carcinoma (HNSCC) signalling and initiating ROS mediated mechanism. RA
has reported to cause the inhibition of cancerous cell viability, proliferation, and cellular
production of ROS in HNSCC cell lines. Additionally, RA at tyrosine residues 992 and 845
of the EGFR, inhibited EGF-induced phosphorylation which results in the downregulation of
the phosphatidylinositol 3-kinase Akt (PI3K/Akt) and mitogen-activated protein kinase ERK
(MAPK/ ERK) pathways (Tumur et al., 2015). EGFR upregulation in GBM and its reported
inhibitory effect with RA in cancer was the reason to study its docking with RA.

Hsp27 is a molecular chaperone. The resistance of glioma cells to apoptosis is because of
Hsp27 (Sengelen & Onay-Ucar, 2018). Different brain tumours such as gliomas,
astrocytomas and oligodendrogliomas show upregulated Hsp27 (Zhang et al. 2003).
Upregulation of Hsp27 is associated with cancer cell proliferation, differentiation, metastasis
and prevent apoptosis. Drug resistance and cancer cell survival in lethal conditions are also
linked with Hsp27. The studies suggest carcinogenesis stimulation by Hsp27. Down-
regulation/inhibition of Hsp27 has been done in first round of studies by administering its
chemical inhibitors or anti sense oligonucleotide in cancer therapy. The results showed
considerable tumour volume reduction compared to traditional chemotherapeutic agents
which only modestly reduced volume of tumour in in vivo studies (Vidyasagar et al., 2012).
So, this could be targeted and its interaction with RA was checked through docking.

The upregulation of IL17A in GBM is the most prominent compared to other GBM
biomarkers. Autocrine and paracrine growth factors (VEGF) and immune cells are activated
in Glioma cells by IL17AR and IL17A interaction. This promotes the vascularity and
angiogenesis by glioma-infiltrating immune cells at the inflammation site which aggravates

the GBM (Hu et al., 2013).
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A lectin family protein, Galectin-1 has galactoside affinity and carbohydrate-recognizing
domain. It is a ubiquitous protein involving in no of biological functions like cell
proliferation, cell adhesion, tumour metastasis, immunoregulatory effects and apoptosis, have
multiple receptors. Galectin-1 up regulation is reported in multiple cancers including head
and neck squamous cell carcinomas, endometrial and prostate. Galectin-1 expression is also
associated in all human glioma types and is associated with malignancy and poor prognosis
(Camby et al. 2006). It is considered to be playing role in suppression of antitumor resposes,
immune tolerance in gliomas, and diminution of chronic inflammation. Galectin link between
innate and adaptive responses could be taken as a novel regulatory checkpoint. Its up
regulation in autoimmune inflammation and broad immunoregulatory effects validation in
multiple study models of cancer makes it a biomarker of malignant tumour progression.
Hence its targeted inhibition is of interest for therapeutic strategy (Mendez-Huergo et al.,
2019). Its interaction with RA has been observed.

Annexin A2 is a calcium-binding cytoskeletal protein. Multiple studies have reported its
expression correlation with metastasis, tumor aggression and decreased glioma survival rate
making it a considerable drug target. It has functional role in plasminogen to plasmin (serine
protease) conversion which stimulates metalloproteinases and degrades the extracellular
matrix which results in increased cell metastasis. Its continual upregulation in GBM makes it
a promising drug target and hence its interaction with RA were studied (Shergalis et al.,
2018).

TNF-a stimulate cell proliferation pathway but its inhibition can cause apoptosis of
carcinoma cells. RA has reported this result by possible interaction with TNF-a on human
leukemia U937 cells. It happens by activation of NF-kB and ROS which makes cancer cells
vulnerable to induced apoptosis. Moreover, RA treatment has shown increase caspases

activation through TNF-a (Moon et al. 2010) (Kim et al. 2010). Although TNFa’s role in cell
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survival and apoptosis is defined but its function in cell survival and death maintenance
remain vague. RA, through TNFa pathway effects the pro and anti- apoptotic maintenance of
cell (Van Horssen et al. 2006).

Molecular level understanding of malignant brain tumors was investigated on U87 and U343
malignant human glioma cell lines. Their motility, invasiveness and viability were assessed in
invitro experiments and found to be different. 2D gel electrophoresis was performed to find
significant alteration between the cell lines in order to have an understanding behind the
differences and glioma invasion. 9 different spots identified from the 2D gel with Phoretix
2D advanced software selected and subjected to MALDI-TOFMS to identify proteins.
Cathepsin D was the protein which was identified to play role in glioma invasion. Further
investigation of Cathepsin D role in glioma should be investigated (Pei et al., 2014).

Cell lines are ideal experimental models and U251 and U87 cell lines are most preferred for
GBM studies. Difference in these cell line’s protein expression profile utilizing 2d gel
electrophoresis and iTRAQ was studied to find the distinction at molecular level. These both
cell lines derived from glioma tumor show difference in in migration and invasion capability.
507 proteins were found which showed two times difference between the two. Nine of these
were further validated with quantitative PCR. In U251 cell lines, the upregulated proteins
were mostly extracellular and linked with metabolism of nicotinamide nucleotides and
carboxylic acid, adenyl nucleotide binding and cellular distribution. While in U87 cell lines
the over expressed genes were mostly intracellular and associated with mRNA processing
and RNA splicing, poly(A) RNA binding. Moreover, U87 cell lines are more malignant and
invasive in nature. The results from this study also concludes that purine metabolism is more
lethal to U251 if targeted compared to U87 (Qi & Liu, 2016) .

A phase 3 trial conducted by National cancer institute of Canada and European organization

of research of cancer was performed with random 573 study subjects with GBM to whom
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radio therapy was given at 60 Gy compared with the group which was also given adjuvant
Temozolomide. The purpose was to find the rate of improvement in survival with adjuvant
therapy and it was found 12.1 to 14.6 months were on average increased with TMZ with
overall increased in long term survival of 5 years from 1.9% to 9.8% (p<0.0001). It was
concluded from meta-analysis that addition of TMZ following resection along with radio
therapy improves survival (Cabrera et al., 2016).

High dose of etoposide, a drug for GBM, has toxic effects and it was checked on U87-MG
whether the addition of Rosmarinus Officinalis, a natural compound, along with drug would
have more efficacy. Neutral red and MTT assay were employed on cell lines with control
MEF cell lines after the addition of drug. It was reported that Rosmarinus officinalis protects
healthy cells against etoposide side effects while in U87 cytotoxicity of etoposide was not
affected by Rosmarinus Officinalis (Ozdemir et al., 2018).

In Pakistan, 6.7 out of 1 lac people have central nervous system tumors and 51% of them are
gliomas. Because of limited healthcare facilities and mostly glioma surgery offered by private
hospitals which charge hefty amounts, rural and underprivileged population remain
undiagnosed, untreated, or forced to leave treatment. For improving the current condition,
neurosurgeons should be provided with better instrumental technology, more public sector
hospitals equipped to deal with it, improve the follow-ups and post-surgery care rate, and
research to investigate cost effective treatment options (Abdullah et al., 2019).

Glycosylation, one of the major post translational modifications, alters the protein
physiochemical properties. It is the addition of carbohydrate moiety on protein side chain. N-
linked glycosylation are the most important in eukaryotes. It occurs on sequon
Asn/Xaa/Ser/Thr Asparginine , on condition when Xaa is not proline. Multiple artificial
neural networks have been developed to predict the sites of these glycosylation in proteome

(Gupta, 2002).
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Molecular characterization of Huh-7 cell lines with major focus on glycosylation and
bioactivity was researched. Densitometric analysis with SDS-PAGE with glycosylated
protein indicated that 84% of extra cellular proteins were glycosylated and the target gene of
study was more bioactive in non-glycosylated group (M. A. Khan et al., 2017).

Since glycosylation post translational modification has major functional roles like immune
responses, intercellular signaling, inflammation and host-pathogen interactions. Their study
in wet lab in laborious and challenging. Computational tools are designed to fill in the gap
like SPRINT-Gly (Taherzadeh et al., 2019).

To improve the sensitivity, accuracy and specificity of glycosylation prediction was designed
and the existing ones were compared based on these properties. These open source software
has been a huge help in understanding post translational modification (Chien et al., 2020)

(Pugalenthi et al., 2020).
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Materials and Methods

1. Insilico Study

1.1 Selection of Target Proteins

Identification and selection of potential target protein for the anticancer activity against GBM
was done through literature review. The functional aspect of the protein and their associated
pathways were identified utilizing online databases and resources including STRING 8.3

(string-db.org), Reactome (Reactome.org), UniProt (www.uniprot.org).

1.2 Protein Structure

3D structure of the selected proteins was retrieved from open online source, protein data bank
(https://www.rcsb.org/CSB PDB) in PDB format. The protein structured was prepared for
docking by removing water molecules and other unnecessary ligands utilizing the BIOVIA

Discovery studio 2021 software.
1.3 Ligand Structure

The ligand, rosmarinic acid structure and standard drug temozolomide were obtained from
PubChem (pubchem.ncbi.nlm.nih.gov/) database and saved after conversion in PDB format.
SwissADME online software (http://www.swissadme.ch/), admetSAR
(http://Immd.ecust.edu.cn/admetsar2) and SCFBIO online software (scfbio-iitd.res.in) was

utilized to check the drug-likeness of rosmarinic acid.
1.4 Molecular Docking

After collecting the structures, docking was performed on a software AutoDock4. It predicts
interactions and preferred orientation of ligand on protein when bound to each other to form a

stable complex. Knowledge of the preferred orientation can be used to predict the strength of
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association or binding affinity between two molecules. AutoDock4 is based on Lamarckian
Genetic Algorithm and empirical free energy scoring function (Rizvi et al., 2013). Binding
pockets for the selected targeted proteins were identified with the help of online tool
DoGSiteScorer (https://proteins.plus/). On uploading the protein 3D structure on the site and
applying the DoDSiteScorer, the grid axes are given with durability scores. The binding
pocket with highest scores nearest to 1 was selected. The grid coordinates of that pocket were
set in autodock4 parameters to differentiate between active and random sites (Volkamer et
al., 2012). Both proteins and ligands were converted into pdbqt files. Protein and ligand rigid
conformation was selected during docking. The results are generated with 20 poses and the
one with least binding energy was selected. The smaller the value of binding energy, the
more is the ligand protein interaction and the more stable the conformation is. Hence, the
more negative value of binding energy gives the best and most stable conformation of ligand

interaction. The one best pose was chosen with the lowest binding energy.

1.5 Docking Analysis

The best pose interactions were studied in BIOVIA Discovery Studio, where the interacting

residues of the active sites and bonds formed were analysed.

1.6 Glycosylation Prediction

The selected protein targets were also checked for glycoproteins prediction utilizing the
online NetNGlyc - 1.0 software (https://www. cbs.dtu.dk/services/NetNGlyc/). The FASTA
sequence of the proteins were retrieved from UniProt (https://www.uniprot.org/). The

sequences were checked for glycosylation on NetNGlyc.
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2. In Vitro Study

2.1 U87 cell lines

U87 cell lines both variants sensitive U87 and resistant R-U87 culture were maintained in
DMEM (Gibco by life technologies catalogue# 31800-022) supplemented with 10% fetal
bovine serum (gibco by life technology catalogue # 16050) and 1% penicillin streptomycin
(Prenstrep Gibco by lifesciences technologies catalogue# 00580) to avoid contamination. The
Culture were maintained at 37 'C and 5% CO; in humidified incubator (Malacrida et al.,
2020). For protein extraction, cell lines were passaged until an approximate 80% confluence

was reached (Hong et al., 2012).
2.2 Protein Extraction

uU87 cell lines grown to 80% confluency were taken and trypsinization of the cells were done.
The cell count was estimated and according to the cell count 7 x 10”6 cells were taken. Cells
were centrifuged and washed with 1x phosphate buffer saline (PBS) twice and were pelleted
down. For approximately 7 x 10”6 cells, 500 ul lysis buffer (7 M urea, 2 M thiourea, 4 %
CHAPS, 10 mM phenyl methyl sulfonyl fluoride (PMSF), 1% Dithiothreitol (DTT)), was
added. After the addition of lysis buffer, cells were homogenized with UP400S Ultrasonic
Processor (Hielscher Ultrasound Technology, USA) followed by incubation at 4°C for one
hour with vortexing in intervals. Homogenized cells were centrifuged at 14000 rpm at 4 °C
for 20 min. The supernatant was carefully taken in microcentrifuge tube and was stored at -

80°C until further use (Pei et al., 2014).
2.3 Bradford's Protein Quantification Assay
The protein lysate was quantified with Bradford’s assay (Bradford, 1976) to calculate the

concentration of protein in mg/ml. For standard curve, stock bovine serum albumin (Img/ml)

16



Chapter 3 Materials and Methods

was used to make serial dilutions in distilled water. Dilution of conc. range
(0,0.05,0.10,0.20,0.40,0.60,0.80,1.00) was prepared with double distilled water to a final
volume of 20 ul. Bradford’s reagent (Iml) was added in standard dilutions and extracted
protein lysate (1:20). After vortexing the samples were incubated in dark for 10 min, at room
temperature. The absorbance was measured at 595 nm using visible spectrophotometer ((SP-
300, OPTIMA, USA). Readings were taken for each sample (prepared in duplicates). The
standard curve was generated by plotting the mean values of the absorption on y axis and
known protein conc on x axis. This graph was used to calculate the concentration of the

protein lysate extracted from cell lines.

2.4 Sodium Dodecyl Sulphate—Polyacrylamide Gel Electrophoresis (SDS-PAGE)

Extracted and quantified protein lysate from U87 cell lines was then subjected to SDS-PAGE
for the separation of proteins on the basis of their molecular mass. Sodium dodecyl sulphate
(SDS) gives uniform charge to protein which is then separated on polyacrylamide gel
electrophoresis in which acrylamide and bis acrylamide form cross linked gel matrix in the
presence of APS and TEMED enzymes. Mini Protean Tetra Cell, (BioRad, USA) was set up.
The glass plates were clean, assembled and checked for leakages. Resolving gel (10%) was
first poured in glass plates carefully to the level leaving enough space for stacking gel. Ice
cold isopropanol was added at the top to help level the gel surface and the gel was allowed to
polymerize. Stacking gel (4%) was prepared and poured carefully to avoid bubbles formation,

and comb was inserted.

2.4.1 Protein Sample Preparation

The quantified protein sample (50 ug) was loaded into the wells for SDS-PAGE. The sample
was diluted (1:1) in sample diluting buffer (0.125 M Tris-HCI pH 6.8; 20 % Glycerol; 4%

SDS, 2% Mercaptoethanol, bromophenol blue) and subjected to boiling at 95°C for 5 min.
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The samples were then allowed to cool until it reaches room temperature and were loaded in
gel along with protein page ruler (thermo-scientific pre-stained page ruler, catalogue#

26616).
2.4.2 Electrophoresis

The Mini Protean Tetra Cell, after loading the samples in gel was filled with electrode tank
buffer (0.025M Tris pH 8.8, 0.192M glycine, 0.1% SDS). The electrophoresis was carried out
at 100V until the gel was run completely. Gel running was tracked with tracking dye
(bromophenol blue) present in sample diluting buffer. After electrophoresis, the gel was
carefully placed in container filled with Coomassie staining solution (250ml propanol, 150ml
glacial acetic acid, 0.25 Coomassie brilliant blue). The gel was allowed to stain over-night
and later de-stained with detaining solution (20% ethanol, 10% acetic acid) on shaker and

washed multiple times until the excess stain is removed and protein bands are visible.
2.4.3 Image analysis

The images of gel were taken on ChemiDoc (ChemiDoc™ MP System #1708280) under
white light. Image Lab™ software (BioRad, USA) was used for quantification and molecular
weight calculation of the protein bands. The relative quantity of each band was assessed to

calculate the differential expression of proteins.
2.5 Protein Glycosylation

Protein samples were separated with SDS-PAGE following the protocol described in section
2.4. Positive and negative controls of glycoprotein stain were loaded along with samples.
After electrophoresis was completed, the gel was stained using Glycoprotein Staining Kit
(Thermo Scientific™ Pierce™, USA, Catalog number# 24562). The gel was first fixed in
50% methanol with constant shaking for 30 min and then immersed in 3% acetic acid with

constant shaking for 10 min (twice). After fixation the gel was treated with oxidizing solution
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for 30 min in dark. The gel was then washed with 3% acetic acid twice for 5 min and later
transferred in glycoprotein stain and kept in dark on shaker for 30 min. The gel was placed in
reducing solution for 15 min and then 3% acetic acid was added to stop the reaction. Imaging
of gel was done on ChemiDoc (ChemiDoc™ MP System #1708280, BioRad, USA) after

washing with distilled water.

2.6 Two-Dimensional Polyacrylamide Gel Electrophoresis (2D PAGE)

2DE separates protein complex on two properties. First dimension on the basis of their iso-
electric point by iso-electric focusing and second dimension on the basis of their molecular

weight by SDS-PAGE.

2.6.1 Rehydration of Strips

isoelectric focusing (IEF) were performed using IPG strips (ReadyStrip™ IPG Strips
#1632000) of 7 cm with pH gradient range 3-10. 200ug of protein sample from U87 cell
lines were taken and final volume was made up to 125 ul with rehydration buffer (ready
prep2D starter kit Catalogue # 163-2105). The prepared sample was added in rehydration tray
along the whole length of channel carefully to avoid bubble formation. With the help of
forceps IPG strips cover was removed and strips were placed gel side down avoid trapping
the bubbles and remove if any. After 1 Hour 1ml of mineral oil was added t avoid sample
loss. The strips were left overnight for rehydration, without moving rehydration tray on

working bench.

2.6.2 Iso-Electric Focusing:

Next day, the rehydrated strips were transferred on IEF focusing tray keeping the gel side up
after removing the extra mineral oil on filter paper without letting the gel side touch it.
Placing the +ve side on positive label anode of tray. Gel side up wicks were carefully placed

at the ends of IPG strips after wetting them with nanopure water. Strips were covered again
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with 500ul of mineral oil. +ve and -ve anodes were fixed at the focusing tray and then in in

Protean i12 IEF system keeping the anode labels in check.

Protean IEF system was set as follow, after selecting the lanes in which strips were placed:

7cm Strip Voltage Time Volt-Hours
Step 1 250 20 min

Step 2 4000 2 hours

Step 3 4000 - 14000 V-hours

After the completion of electrophoresis, the strips were placed in clean rehydrating tray gel

side up and were stored at -80°C after wrapping the tray carefully until next step SDS-PAGE.

2.6.5 Equilibration of IPG strips

IPG strips were allowed to thaw before equilibration. Equilibration Buffer 1 was prepared in
falcon in 10 ml equilibration buffer 1, 100mg DTT and very light sprinkle of bromophenol
blue at the time of working was added. Strip was placed carefully in falcon and the cap was
sealed with paraffin. It was kept in shaker for 30 minutes.

Equilibration buffer 2 was prepared by adding 400mg of iodoacetamide and very light
sprinkle of bromophenol blue right before working. The strips were then transferred with the
help of forceps from equilibration buffer 1 to 2 and again kept on shaker for 30 minutes.
After equilibration strips were dipped for a second in electrode tank buffer before fixing on

SDS-PAGE gel.

2.6.6 SDS-PAGE

Mini Protean Tetra Cell, (BioRad, USA) was set up. The glass plates were clean, assembled

and checked for leakages. Resolving gel (10%) was first poured in glass plates carefully to
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the level leaving enough space of stacking gel, strip and agarose sealing. Add chilled
isopropanol at the top to help level the gel surface. Allowed the gel to polymerize
completely, it takes approximately 40 minutes. After polymerization prepare stacking gel
(4%) was prepared and poured carefully and slowly to avoid bubbles formation. On the
polymerized stacking gel, carefully place the IPG strip with gel side on front, the strip was
fixed with thin spatula in the stacking gel slightly and 1ul of protein page ruler was poured on
small piece of filter paper and was fixed in stacking gel as well on the positive side of the
strip. The gel was then sealed with 0.5% agarose. The gel was then set to run at 100V until

complete run.

2.7 Silver Staining

Pierce silver staining kit (catalogue# 24612) was utilized for staining. It is more sensitive and
rapid than Coomassie. The gel was first washed with distilled water for 5 minutes twice.
Then it was fixed in 30% ethanol: 10%acetic acid: 60% water for 15 minutes twice. After
fixing, gel was washed in 10% ethanol of 5 minutes 2 times. Then sensitizer working solution
was added for 1 minutes then washed for two times with water. Then gel was stained for 30
minutes. Then after washing gel for 20 seconds in water, the gel was developed in developer
working solution approximately in 1-2 minutes until spots are visible. Over developing could
lead to undesirable dark background. As soon as the spots are appeared the developing should
be stopped with stop solution 5% acetic acid. The images of gel were taken on Chemi-dock
(ChemiDoc™ MP System #1708280).

2.8 Image and Statistical Analysis

The 2DE gel images were analyzed with Delta 2D 4.8 software. Duplicate gels were grouped
and then warped together to one master gel. The identified spots by the software and their

quantitation based on normalized % volume was also checked by visualizing the gel by naked
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eye. The differentially expressed protein spots were selected and their expression profile

graphs were prepared on graph pad prism 9.
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Results

1. In silico Studies

1.1 Docking of selected target proteins with Rosmarinic Acid

Aberrantly regulated proteins and protein biomarkers of GBM were selected through
literature review and then their functional aspect and role in tumorigenesis was identified
using online software string, uniport and reactome. The selected proteins are: Hsp27, EGFR,
TNF-a, Annexin A2, IL17A, galectin-1. The 3D structures of selected proteins retrieved from
Protein Data Bank in PDB format were visualized and prepared for docking in Discovery
Studio Biovia.

The ligand for docking, our compound of interest for investigation of its interaction with
GBM drug target was retrieved from PubChem Data Base in PDB format along with the

standard first line drug given to GBM patients Temozolomide (TMZ).

Figure 4.1: 3D structures of Temozolomide (TMZ Compound CID: 5394 (a) and Rosmarinic Acid
(RA) Compound CID: 5281792 (b) obtained from PubChem.
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The Drug-Likeness Prediction from SwissADME showed no violation to Lipinski rule for
RA. Lipinski rule values for RA from SCFBio are listed in the table 4.1. The ADMET
analysis gave absorption, distribution, metabolism, excretion, and toxicity prediction of
RA. It revealed its absorption through blood brain barrier and intestine, non-AMES and

carcinogenic toxicity. The In-silico drug likeliness analysis concludes to its potential as a

drug.

LIPINSKI RULE ANALYSIS
MASS <500 Daltons 360.00
HYDROGEN BOND DONOR <5 5
HYDROGEN BOND ACCEPTORS <10 5
LOGP <5 1.761300
MOLAR REFRACTIVITY 40-130 89.796974

Table 4.1: Drug likeness prediction of RA with Lipinski Rule of 5.

AutoDock4 was employed to perform docking between the selected protein targets and
ligand, the RA in comparison to standard drug TMZ. Both protein and ligands were
considered as rigid structures. From the docking results, the pose with least binding energy
and RMSD 0 were selected, which shows the highest affinity and stabilization of protein
ligand complex. The inhibition constant (Ki) was also noted of the best selected pose, the
calculated Kifrom Auto dock 4 which could be used as a preliminary tool for screening
inhibitors before executing experimental activity evaluation. Table 4.2 shows the binding

affinities of the docked complex with RA and TMZ along with the inhibition constants.
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The binding affinity of RA with the selected reported upregulated proteins of GBM were
observed to be stronger than TMZ in all proteins. TNF-o showed the strongest affinity with -
12.55 Kcal/Mol binding energy followed by IL17A and HSP27 with -11.84 and -11.43
Kcal/mol binding energy respectively. Annexin A2, EGFR and Galectin-1 showed -10.69, -
9.46 and -8.97 Kcal/Mol of binding energies respectively. The inhibition constant Ki with RA
also showed lesser quantity required for inhibition of the target proteins compared to TMZ.
The Ki of all the docked complexes with RA were in nM (TNFa was in pM) while that of
TMZ were in uM. The Ki value obtained also supports the hypothesis that RA not only shows
stable interaction based on binding energy but also lesser Ki values which indicates
concentration required to induce half maximum inhibition. Table 3.2 shows the Ki values

along with binding affinities.
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PROTEIN PDB ID LIGAND BINDING INHIBITION
TARGETS ENERGY CONSTANT

(KCAL/MOL) (K1)

ILI7A 2VXS RA -11.84 2.10 nM
T™Z 5.8 51.99 uM
EGFR 1IVO RA -9.46 116.53 nM
T™Z -5.68 68.23 uM
HSP-27 6DV5 RA -11.43 4.15 nM
T™Z -5.55 87.73 UM
TNF-A 7IRA RA -12.55 627.08pM
T™Z -7.34 4.18 uM
GALECTIN-1 | 1GZW RA -8.97 265.50nM
T™Z -6.16 30.53 uM
ANNEXIN A2 | 1W7B RA -10.69 14.56 nM
T™Z -5.27 138.11 uM

Table 4.2: The selected target proteins and their binding affinity with ligand RA and
TMZ. Binding energy and inhibition constants of target protein with ligand RA and TMZ
predicted by autodock4.

The best selected poses of ligands with the lowest binding energies were further analyzed in
BIOVIA Discovery Studio. The interacting residues of the binding pockets along with the
type of interactions and their bond lengths were analyzed Figure 4.2-4.7. All the docking
complex generated exhibited conventional H bonds, hydrophobic and ionic interactions with

amino acids in the binding pockets. H- bond is of high importance here as the ligand protein
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complex is mainly stabilized by it. The Table 4.3 shows all the interaction amino acid at
active sites, amino acids involved in H-bond formation and H-bond length. H- bond length
2.7 to 3.3 A is generally observed so the bond distance below that is considered significant.
All the protein ligand docked complex showed one or more hydrogen bonds with bond length
below 3.3 A. All protein targets showed more no of H-bond formation with RA compared to
TMZ except EGFR which forms a H-Bond at SER (2.45 A) with RA and forms three H-Bond
at TYR C37 (3.29 A) and ASP C46 (2.26 A, 2.34 A) with TMZ. The table 3.3 shows the
complete list hydrogen bonds formed along with their lengths with RA and TMZ and it can
be deduced that based on the H-Bond formation RA forms more stabilized structure with
target proteins compared to TMZ. Nonetheless TMZ itself demonstrated well-established
bonds both hydrogen and other hydrophobic interactions with all the target proteins. TNF a
forms the most, 8 H-Bonds with the active sites residues with RA followed by IL17A with 5
H-bonds. Hence these proteins TNF a and IL17A showed the most stable conformation based

on the binding affinities and H-bond interactions with active sites.
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PROTEIN LIGAND INTERACTING CONVENTIONAL H-BOND
TARGETS RESIDUES H- BOND LENGTH
INTERACTION  (A°)
IL17A RA TRP A44 SER A41 2.11
SER A41 VAL A119 2.35
VAL A119 SER A118 2.37, 2.60
SER A118 TRP A67 1.87
TRP A67
T™Z PRO A37 TRP A65 2.12
LEU A53 SER 118 2.48,2.29
TRP A51
SER A 41
TRP A65
SER 118
EGFR RA MET A30 SER A26 2.45
LYS C48
TRP C49
ASP C49
SER A26
T™Z VAL C35 TYR C37 3.29
ASP A22 ASP C46 2.26, 2.34
LEU A25
TRP C50
ARG A29
TYR C37
ASP C46
HSP-27 RA ASP A21 TYR A73 2.55, 2.00
ARG A20 LEU A77 2.98
TYR A73
LEU A77
T™Z GLY A13 ARG A20 2.82,2.12
PRO A159
TRP A22
TYR A23
ARG A20
TNFA RA ARG A108 ASN A110 1.97
ALA A94 SER A223 3.16
ASN A110 GLY A224 2.95
SER A223 GLN A225 2.87
GLY A224 VAL A226 2.14,1.87
GLN A225 ALA A94 2.139, 2.87
VAL A226
T™Z VAL A93 ALA A94 3.24
SER A223 ARG A108 2.80
ALA A109 GLU A222 1.96
ALA A94 GLY A224 2.90
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GALECTIN-1 | RA

T™MZ

ANNEXIN A2 | RA

T™Z

ARG A108
GLU A222
GLY A224
LYS A127
GLU A22
GLY Al24
GLY A82
GLU A22
PHE A126
ILE A128
LEU A4
LYS A127
GLY A 124
LEU A140
ARG A179
LEU Al74
ILE A132
VAL A222
ALA A180
VAL A293
TYR A109
GLY A101
LYS A104
PRO A106
ARG 135
ARG A295

GLY Al24
GLY A82
GLU A22

LEU A4
LYS A127
GLY A 124

ILE A132
VAL A222
ALA A180

ARG A295

2.00,1.84
2.74,2.70
3.27

2.84
2.73
1.95

2.69
3.34
2.29

2.92

Table 4.3: The target proteins and their interactions with RA and TMZ observed on

Image Lab BIOVIA. Active site interacting residues of target proteins with RA and TMZ of

the best pose of AutoDock. Amino acid present at the binding sites of target protein that are

involved in h-bond formation and their lengths observed within significant range.
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Figure 4.2: Molecular docking of IL17A with Rosmarinic acid and TMZ visualized by
BIOVIA Discovery Studio. The Protein IL17A represented in blue ribbon model with red
ligand. A. RA (red) best pose as predicted by Autodock4 with protein. B. 2D structure of RA
representing interacting residues at the binding site of protein along with bonds formed.
Green dotted line represents H-bond. C. TMZ (red) best pose as predicted by Autodock4 with
protein. D. 2D structure of TMZ representing interacting residues at the binding site of

protein along with bonds formed. Green dotted line represents H-bond.
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Figure 4.3: Molecular docking of EGFR with Rosmarinic acid and TMZ visualized by
BIOVIA Discovery Studio. The Protein EGFRA represented in blue ribbon model with red
ligand. A. RA (red) best pose as predicted by Autodock4 with protein. B. 2D structure of RA
representing interacting residues at the binding site of protein along with bonds formed.
Green dotted line represents H-bond. C. TMZ (red) best pose as predicted by Autodock4 with
protein. D. 2D structure of TMZ representing interacting residues at the binding site of
protein along with bonds formed. Green dotted line represents H-bond.
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Figure 4.4: Molecular docking of HSP-27 with Rosmarinic acid and TMZ visualized by
BIOVIA Discovery Studio. The Protein HSP-27 represented in blue ribbon model with red
ligand. A. RA (red) best pose as predicted by Autodock4 with protein. B. 2D structure of RA

representing interacting residues at the binding site of protein along with bonds formed.

Green dotted line represents H-bond. C. TMZ (red) best pose as predicted by Autodock4 with

protein. D. 2D structure of TMZ representing interacting residues at the binding site of

protein along with bonds formed. Green dotted line represents H-bond.
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Figure 4.5: Molecular docking of TNFa with Rosmarinic acid and TMZ visualized by

BIOVIA Discovery Studio. The Protein TNFa represented in blue ribbon model with red
ligand. A. RA (red) best pose as predicted by Autodock4 with protein. B. 2D structure of RA

representing interacting residues at the binding site of protein along with bonds formed.

Green dotted line represents H-bond. C. TMZ (red) best pose as predicted by Autodock4 with

protein. D. 2D structure of TMZ representing interacting residues at the binding site of

protein along with bonds formed. Green dotted line represents H-bond.
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Figure 4.6: Molecular docking of Galectin-1 with Rosmarinic acid and TMZ visualized
by BIOVIA Discovery Studio. The Protein Galectin-1 represented in blue ribbon model
with red ligand. A. RA (red) best pose as predicted by Autodock4 with protein. B. 2D
structure of RA representing interacting residues at the binding site of protein along with
bonds formed. Green dotted line represents H-bond. C.TMZ (red) best pose as predicted by
Autodock4 with protein. D. 2D structure of TMZ representing interacting residues at the

binding site of protein along with bonds formed. Green dotted line represents H-bond.
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Figure 4.7: Molecular docking of Annexin A2 with Rosmarinic acid and TMZ visualized

by BIOVIA Discovery Studio. The Protein Annexin A2 represented in blue ribbon model
with red ligand. A. RA (red) best pose as predicted by Autodock4 with protein. B. 2D
structure of RA representing interacting residues at the binding site of protein along with
bonds formed. Green dotted line represents H-bond. C. TMZ (red) best pose as predicted by
Autodock4 with protein. D. 2D structure of TMZ representing interacting residues at the

binding site of protein along with bonds formed. Green dotted line represents H-bond.
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2. In Vitro Study

2.1 Protein Quantification

The protein extracted from U87 cell lines was subjected to Bradford assay to quantify the
concentrations of the samples. Standard graph was plotted with known protein concentration
of range 0.0,0.05,0.1,0.2,0.4,0.6,0.8 and 1 on y- axis. The mean optical densities of the
proteins measured at 595 nm was plotted on y axis. The concentration of U87 extracted

protein was calculated from this graph.

1
09 y = 0.8842x + 0.0171
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Figure 4.8: Protein quantification curve through Bradford assay. Bradford standard
curve with known protein conc. on x-axis and OD obtained at 595 nm at y axis. The obtained

linear regression value was 0.979 (R?= 0.996).
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2.2 Differential Protein Expression of U87-MG Variants

After iso-electric focusing and SDS-PAGE the gel was silver stained and visualized in
Chemi-dock. Delta 2D 4.8 software was used for 2D gel analysis. Two replicates of both U87
Sensitive and U87 variants were warped and fused into one master gel with the software. The
identified spots and their normalized % volume detected by software and were carefully
verified by manual inspection. The figure 4.9 shows spots identified on fused gel in the
software. The final selected spots with significant difference are represented in figure 4.10

and 4.11.

Figure 4.9: Representative gel with marked spots identified by Delta 2D software. The
gel images (replicates) were warped and fused into single master gel. The spots were
identified and quantified based on intensity.

37



Chapter 4 Results

The selected spots shown in the figure 4.10 and 4.11 was further subjected to quantitative
analysis. The %age volume of each spot calculated by the Delta 2D software was subjected to
statistical analysis with the help of graph pad prism 9. The graph of each spot is represented
in figure 4.12 and 4.13. Statistics of paired t-test was applied for calculation of significance of
differential expression (p>0.05). Spots 1, 2, 5, 6 and 7 were found to be upregulated in
resistant cell lines. Which means that the protein isolated at this spot is over expressed in the
resistant U87-MG cell lines compared to sensitive U87-MG cell lines. However, the spots 3,
4, 8, 9 and 10 were found to be significantly less expressed in resistant compared to sensitive

variant of U87-MG cell lines.

100KDa
70KDa

55KDa
40KDa

35KDa

25KDa —

15KDa

-
10KDa ~_

Figure 4.10: U87 Resistant cell lines protein separated by 2DE on non-linear pH range
3-10 IPG strip followed by SDS-PAGE and visualized by silver staining. The encircled

spots indicate the differentially expressed proteins detected with Delta 2D software.
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Figure 4.11: U87 sensitive cell lines protein separated by 2DE on non-linear pH range
3-10 IPG strip followed by SDS-PAGE and visualized by silver staining. The encircled

spots indicate the differentially expressed proteins detected with Delta 2D software.
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2.3 Differentially Expressed Protein in U87-MG Variants
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Figure 4.12: Expression graphs of differentially expressed protein of U87 Resistant and
U87 Sensitive cell lines. The graph based on normalized volume of spots made with graph

pad prism 9.3. The statistics of t-test paired were applied and significant p value (<0.05) were

40



Chapter 4 Results

found. Spots 1,2 and 5 have increased expression in resistant U87 cell lines while 3 and 4

have decreased expression in resistant U87 cell lines.
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Figure 4.13: Expression graphs of differentially expressed protein of U87 Resistant and
U87 Sensitive cell lines. The graph based on normalized volume of spots made with graph

pad prism 9.3. The statistics of t-test paired were applied and significant p value (<0.05) were
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found. Spots 1,2 and 5 have increased expression in resistant U87 cell lines while 3 and 4

have decreased expression in resistant U87 cell lines.

2.4 Prediction of Glycosylation Sites

The selected target proteins of GBM; Hsp27, EGFR, TNF-a, Annexin A2, IL17A, galectin-1
were checked for post translational modification of Glycosylation with online glycosylation
prediction software NetNglyc. The FASTA sequence of the proteins retrieved from uniport
was added in NetNGlyc software which gave the predicted sites. The prediction was based on
Asparagine that comes in the Asn-Xaa-Ser/Thr sequon. The prediction of glycosylation on

asparagine that was not in the mentioned sequon was not selected because it is highly

PROTEINS UNIPROT POSITION SCORE N-

KB GLYCOSYLATION
EGFR | P00533 175 0.631 ++
| 196 07183  ++

unlikely for N-glycan to attach on glycoprotein residues on other asparagines sequon. The

threshold of selecting the prediction sites was above 0.5.
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HSP27
TNF-A
ANNEXIN
A2

IL17A

GALECTIN-1

P04792
P01375
PO7355

Q16552
P09382

352

361

413

444

528

568

1096

No prediction
No prediction
62

68
96

0.5327
0.5524
0.6249
0.6102
0.5906
0.7723
0.5062

0.7073

0.5336
0.5650

+++

++

Table 4.4: Predicted positions of N-glycosylation along the length of protein. The + signs

indicate the potential of glycosylation by the software, where one + indicates prediction score

above 0.5. Double ++ means the threshold above 0.75 or with jury agreement 9/9 which is

based on software 9 criteria.
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Figure 4.14 A graphic illustration of glycosylation potentials across the protein sequence
length. (x-axis represents protein length from N- to C-terminal). A position with a potential

(vertical lines) crossing the threshold (horizontal line at 0.5) is predicted glycosylated
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2.5 Differential Protein Glycosylation in GBM

The protein lysate from U87 Sensitive and Resistant cell lines was subjected to SDS-PAGE.
The gels were subjected to two different strains, Coomassie which stain the whole protein
and Glyco stain which stain the glycan to study glycosylation pattern in both the sensitive and
resistant variants of U87MG cell lines. The differentially expressed bands in Coomassie
stained and Glyco stained were noted. The gels are represented in figure 4.15 and 4.16.
Image Lab software was employed for the quantitation of gels based on densitometric
analysis. The bands of 43KDa were found to be differentially expressed in Glyco stain. The
graphs for the differentially expressed band are shown in figure 4.17 and 4.18. 43KDa band
were also differentially expressed in Coomassie but the difference in expression in

glycosylation is more prominent in this size protein. So, the 43KDa protein were found to be

Mol wt. — ——
(kDa) -

70 —— -

=T = L4 B

40 —
25 —

15 —+

10 L

more glycosylated in resistant U87MG cell lines as compared to sensitive ones.

Figure 4.15: Representative gel for extracted proteins of U87-MG cell lines separated on
12.5% SDS-PAGE and stained with Coomassie brilliant blue. Lane 1: -ve control of

glycol protein stain, Lane 2 +ve control of glycol protein stain, Lane 3: healthy mice brain
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protein 50 ug, Lane 4 U87 sensitive protein 50ug, Lane 5 U87 sensitive protein 75 ug, Lane 6
U87 Resistant protein 50 ug, Lane 7 U87 resistant protein 75 ug.

100kDa —
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55kDa —|
40kDa —}——

35kDa —
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15kDa —
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Figure 4.16: Representative gel for glycosylated proteins expressed in U87-MG cell
lines. Lane 1: -ve control of glycol protein stain, Lane 2 +ve control of glycol protein stain,
Lane 3: healthy mice brain protein 50 ug, Lane 4 U87 sensitive protein 50ug, Lane 5 U87
sensitive protein 75 ug, Lane 6 U87 resistant protein 50 ug, Lane 7 U87 resistant protein 75

ug.
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Figure 4.17: Relative quantity graph for the differentially expressed 43Kda protein in
U87-MG cell lines. relative quantity obtained with Image Lab software and graph made with
Prism 9.3, showing differential expression of 43KDa protein in sensitive and resistance cell

lines.
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Figure 4.18: Relative quantity graph for the differentially expressed 43Kda glycosylated
protein in U87-MG cell lines. Relative quantity of protein obtained with Image Lab
software and graph made with prism 9.3 showing differential expression of 43KDa protein in

sensitive and resistance cell lines.
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Discussion

This study explores the potential of RA as a prospective drug for GBM. The study has
explored various aspects of GBM pathology and both in silico and invitro studies showed
significant findings. The in silico assessment was performed with aberrantly expressed
proteins based on their functional aspects and associated pathway in GBM. Proteins that were
investigated in this study for their interaction potential with RA includes EGFR, Hsp27,
TNF-a, Annexin A2, IL17A, and galectin-1. EGFR is a transmembrane tyrosine Kinase
receptor, in normal cells plays role in cell signaling, division and survival. Under pathological
conditions, it is associated with tumorigenesis especially in GBM, lungs and breast cancer. It
is considered as biomarker of resistance in cancers (Sigismund et al., 2018). It is upregulated
in 57.4% of GBM cases. Downregulation of it by RA based on the docking results could stop
its abnormal signaling cascades which are otherwise activated in cancer cells and can have
improving role in GBM (An et al.,, 2018a). Hsp27, heat shock protein, play’s role in
inhibition of apoptosis, cell development and differentiation. In cancer cells its upregulation
is linked with proliferation, differentiation, metastasis and prevent apoptosis. The over
expression of this gene is also linked with the development of resistance in GBM. RA
exhibited strongest binding affinity with Hsp27 compared to rest. Studies already show
considerable tumor reduction when administered with Hsp-27 inhibitor. RA can form stable
conformations with Hsp-27, which implies it can inhibit its role and hence reduce GBM
volume and metastasis (Vidyasagar et al., 2012). TNF-o, tumor necrosis factor is
transmembrane protein receptor plays role in inflammatory pathways, immune system and
cell signaling. RA also showed stable interactions with it. Inhibition of TNF-a along with
EGFR inhibitors showed superior results in GBM especially in resistant GBM model
compared to TMZ. Since our compound of interest RA has binding potential with both of the

target proteins it can be speculated to be more efficacious then standard drug TMZ rather
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than combination of two inhibitors (Guo et al., 2019). Annexin A2 inhibits NF-kg signal
transduction pathway and its upregulation is exploited by cancerous cells to avoid apoptosis
and proliferate. Level of annexin in directly related to degree of malignancy. The gene coding
annexin a2 knock out results in decreases glioma migration. Hence, its down regulation is the
aim. RA showed stable conformation and 3 hydrogen bonds with annexin, so it can be
deduced that RA will also result in decreased migration based on its interaction with annexin
a2 (Zhai et al., 2011). IL17A induce vascularity and angiogenesis at the inflammation site
which aggravates the GBM, it does this through PI3SK/AKT signaling pathway and its up-
regulation is a prominent biomarker of GBM (Zheng et al., 2019). Docking with RA suggest
it can form stable conformation and might down regulate IL17A, its inhibitor has reported
increased survival, decreased tumor growth and tumor hypoxia on U87-MG (M. S. S. Khan et
al., 2017) and same results could be expected from RA. Galectin 1 has its role in functions
like cell proliferation, cell adhesion, tumor metastasis, immunoregulatory effects and
apoptosis (Puchades et al., 2007). The docking results gave promising binding affinity scores
and covalent H-bond interactions with these target proteins which implies that RA has
potential to interact with these compounds and might be able normalize their expression. All
these drug targets normalized together with one compound makes RA a promising drug
candidate.

Docking study with these proteins was also performed on standard drug Temozolomide. The
known mechanism of action of this drug is DNA-Alkylation (Lee, 2016). However, from the
results it also showed interactions and good binding affinity scores with selected target
proteins which suggests TMZ has mode of action through these biomarkers of GBM. The
comparison of TMZ and RA showed RA has better binding affinities with the GBM target

proteins.
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U87-MG cell lines are common GBM experimental model (Li et al., 2017). The standard
U87 cell lines are sensitive to TMZ drug. A resistant variant of U87 cell lines was developed
by inducing increased concentration of TMZ 980uM for 14-21 days. TMZ mode of action is
through DNA alkylation O6-G, which triggers mismatch repair mechanism in cell and on
recognizing a recurring error induce apoptosis. Increased O°-methylguanine
methyltransferase (MGMT), repairs the methylated DNA and hence act as antagonist of
TMZ. There are other unknown mechanism causing development of resistance in GBM,
independent of their MGMT levels (Sun et al., 2012). Comparative analysis of proteins of the
sensitive and resistant variant are performed in this study in an attempt to understand the
mechanism undying the development of resistance which is crucial for the development of
better treatment strategies in future. Most studies conducted are at genomic and
transcriptional level. This study takes a proteomic approach, which can uncover such
mechanisms by directly addressing the functional effectors of cellular, disease and treatment
processes.

This investigation was able to identify 10 significantly (p>0.05) differentially expressed
proteins between sensitive and resistant U87 cell lines. Out of these 5 proteins were up
regulated and 5 were down regulated in U87 resistant compared to U87 sensitive lines. Spot
1,2,5,6 and 7 were up regulated in resistant U87 cell lines (Figure 13, 14).

A spot of approx. 43 KDa found to be up regulated protein in resistant U87-MG compared to
sensitive which on student’s t-test gave the highly significant value (P=0.0004). IL17A which
was the selected protein target of interest for GBM is also a 40 KDa protein and is
significantly up regulated in GBM. The upregulation of IL17A substantially effects
PIBK/AKT signaling pathway (Zheng et al., 2019). Identification of this 40 kDa protein
through mass spectrometry will provide the further affirmation of this identified protein. The

differential expression and the identification of the identified spots will allow us to determine
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which pathways are determinant to neuronal dysfunction and to establish a timeline for
disease progression.

Moreover, altered Glycosylation is a hall mark aberration observed in various cancers. The
in-silico prediction on plausible glycosylated sites in selected target proteins, observed in this
study provides clues to the involvement of altered glycosylation in expression alterations in
the observed differentially expressed proteins. The target proteins studied through in silico
analysis showed several predicted sites. EGFR that exhibites 9 predicted sites, on
deglycosylation shows the decrease of 40 KDa then the normal glycosylated protein. EGFR
through domain of tyrosine kinase regulates cell behavior. Deglycosylated EGFR is unable to
start cell proliferation and are not fully phosphorylated even with intact tyrosine Kkinase,
highlights the importance of glycosylation (Wang et al., 2001). The glycosylation pattern was
also investigated in both variants of U87 cell lines where the differential glycosylation pattern
of a 43 KDa were observed to be highly glycosylated in resistant U87 lines as compared to
sensitive U87 line. IL17A has molecular weight of 35Kda, single N-glycosylation site at
Asn68 and its variable glycosylation has been cautiously attributed to altered inflammatory
response (Geoghegan et al., 2013) Similarly the glycosylated bands found in this study would
be of proteins around 40 KDa and this could possibly include IL17A. This altered
glycosylation would alter the protein structure and hence all the following cascade of protein
activity and other proteins of same molecular weight. The mass spectrometry of these band
could identify proteins with dysregulated glycosylation which could offer us insight on GBM
resistance development.

The present research work provides the basis for further elucidation of these preliminary

findings on differentially expressed proteins of U87-MG cell lines.
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Conclusion and Future Prospects

The study conducted affirms the hypothesis that Rosmarinic Acid could be a prospective drug
and should be validated further in vitro and in vivo experiments.

Differential expression of proteins was observed and a total of 10 significantly different
expressed proteins were identified between U87-MG sensitive and resistant. Mass
spectrometry should be performed of the identified spots to find the particular proteins in
future. This would help understand the molecular mechanism behind the development of
resistance against standard drug. They can serve as biomarkers and drug targets.

Overall, we posit that future studies need to focus on differentially expressed proteins that
may aid in to unravel plausible molecular mechanisms involved in the development of drug
resistance to TMZ which ultimately leads to strategizing effective treatment options for

GBM.
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Abstract:

Glioblastoma multiforme (GBM) is a tumor of glial origin and is most malignant, aggressive, and prevalent with
highest mortality rate in adult brain cancer. The clinical treatment available is surgical resection of tumor
followed with standard drug Temozolomide (TMZ). The current standard treatment has major limitations with
50% of patients’ resistance to TMZ and average survival of 15 months after diagnosis. This underscores the
need of investigating novel potential drugs and their targets in GBM. Rosmarinic acid (RA), natural constituent
of Lamiaceae plants have reported neuropharmacological and anti-cancerous properties. This study seeks to
investigate the binding and interacting potential of rosmarinic acid with aberrant expressing proteins in GBM.
This study evaluates the molecular interaction of rosmarinic acid to following target protein: Hsp27, EGFR,
TNF-0, Annexin A2, IL17A, galectin-1 as protein-ligand interactions play a vital role in drug design.
Automated docking studies were performed utilizing PyRx tool powered by auto dock vina to provide useful
insights into rosmarinic acid bindings to GBM potential targets. The results show encouraging therapeutic
potential of RA against targeted proteins with strongest interaction and binding affinity to HSP-27 and TNF-a
out of the selected proteins. The docking comparison of RA with standard drug also indicated RA forming more
stable conformation with targeted proteins compared to TMZ on the basis of binding energy and protein ligand
orientation.
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