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Abstract

High grade gliomas (HGGs), are the most malignant and difficult to treat brain tumors. Despite several studies on glioma

pathobiology there is no comparative proteomics study on high-grade and low-grade gliomas which uncovers the mechanism

behind the aggressive mesenchymal behaviour of HGGs. In this study, tissue samples of high-grade and low-grade gliomas were

processed for label free quantification (LFQ) using HR-LC MS/MS. The analysis identified 140 differentially expressed proteins,

GSEA and protein-protein interaction analysis showed over expression of pathways like; ECM remodelling, Focal Adhesion,

EMT and Glycan Biosynthesis in HGG. The key proteins were validated using multiple reaction monitoring experiment. ECM

glycoproteins including; Fibronectin, Fibrinogens, Collagens, Vitronectin along with mesenchymal markers such as Vimentin and

TGF-β came over-expressed in HGGs. The over-expression of oligosaccharyltransferase in HGG indicates its role in enhanced

expression of glycoproteins. In-silico molecular docking with catalytic subunits of OST identified two small molecule inhibitors;

Irinotecan and Entrectinib as potential candidates to target OST. We propose OST plays a major role in tumor metastasis by

promoting EMT and could be used as a potential target to suppress glioma metastasis. Finally, the proteins identified in this

study need further clinical research to validate their prognostic values as protein markers.
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Abstract: High grade gliomas (HGGs), are the most malignant and difficult to treat brain tumors. Despite
several studies on glioma pathobiology there is no comparative proteomics study on high-grade and low-grade
gliomas which uncovers the mechanism behind the aggressive mesenchymal behaviour of HGGs. In this
study, tissue samples of high-grade and low-grade gliomas were processed for label free quantification (LFQ)
using HR-LC MS/MS. The analysis identified 140 differentially expressed proteins, gene set enrichment
analysis (GSEA) and protein-protein interaction analysis showed over expression of pathways like; ECM
remodelling, Focal Adhesion, EMT and Glycan Biosynthesis in HGG. The key proteins were validated
using multiple reaction monitoring experiment. ECM glycoproteins including; Fibronectin, Fibrinogens,
Collagens, Vitronectin along with mesenchymal markers such as Vimentin and TGF-β came over-expressed
in HGGs. The over-expression of oligosaccharyltransferase in HGG indicates its role in enhanced expression
of glycoproteins. In-silico molecular docking with catalytic subunits of OST identified two small molecule
inhibitors; Irinotecan and Entrectinib as potential candidates to target OST. We propose OST plays a major
role in tumor metastasis by promoting EMT and could be used as a potential target to suppress glioma
metastasis. Finally, the proteins identified in this study need further clinical research to validate their
prognostic values as protein markers.

Introduction

Gliomas are one of the most common brain tumors and account for nearly 30% of primary brain tumors
and nearly 80% of all malignant brain tumors (1). The latest 2021 World Health Organization (WHO)
classification of tumors of the central nervous system categorizes gliomas into 4 general groups: adult-
type diffuse gliomas, pediatric-type diffuse low grade gliomas, pediatric-type diffuse high grade gliomas
and circumscribed astrocytic gliomas. The adult-type diffuse gliomas can be further characterized as IDH-
mutant astrocytomas; oligodendrogliomas, IDH-mutant and 1p/19q-codeleted gliomas; and Glioblastomas
(IDH-wild type gliomas) (2). Within each type of tumor, they are categorized into 4 different grades based
on the aggressiveness of the tumor, where Grade I is a mild and low risk glioma, Grade II is slightly more
aggressive but has a much better prognosis when compared to Grade III and Grade IV tumors (3). This
is particularly important in the case of gliomas which are notorious for their aggressiveness, especially with
increasing grade. Gliomas of grade I and II are collectively termed as low-grade gliomas (LGG) whereas
grade III and grade IV gliomas are referred to as high grade gliomas (HGG).

The major differences in the biology of LGGs and HGGs lie in the aggressive and highly metastatic nature
of these tumors. This is mainly driven by the Epithelial to Mesenchymal transition (EMT) of the tumor
cells. This process is characterized by the loss of intercellular connections and is associated with a changed
cell morphology which increases the cell motility and metastatic properties (4). To facilitate this transition,
there is extensive remodeling of the extracellular matrix (ECM) surrounding the tumor. The biophysical and
biochemical properties of the surrounding interstitial ECM are affected by the tumor cells which is required
to enable the tumor cells to effectively spread and infiltrate the surrounding region (5). The remodeling of
the extracellular matrix during EMT involves alterations in biosynthesis of various glycoproteins. A healthy
brain ECM is more flexible and has less abundance of fibrillary glycoproteins such as collagens, fibronectins,
fibrinogens and vitronectins. During tumor progression, ECM undergoes several alterations including changes
in the formation of ECM components, posttranslational modifications, turnover, and changes in cell–matrix
interactions making the ECM more dense and stiffer which supports the aggressive tumor growth (6).

A recent study on ECM remodeling of GBM tissues has also reported several of ECM proteins to be dif-
ferentially regulated in GBMs when compared with normal brain tissues (7). Another study on proteomic
analysis of GBM and healthy brain tissues identified changes in the proteoglycans and glycosaminoglycans
in the GBM tissue which favors the aggressive phenotype (8). While proteomic studies have been carried out
on Glioblastoma (8) (9), they majorly compare the grade IV tumors with healthy brain tissues and do not
provide a complete picture of the proteome differences between high-grade and low grade gliomas (LGGs).
While some previous works have characterized the differences in different grade of gliomas (10) (11), the
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elucidation of the specific mechanisms driving the EMT in gliomas is yet to be done. Understanding of
specific processes by which LGGs transition to HGGs will help in developing treatments and inhibitors of
the EMT which will greatly reduce the metastatic properties of HGGs and thereby improved prognosis.

In this study we have performed comprehensive proteomics investigation with the aim to acquire a better
understanding of molecular mechanism behind the aggressive behavior of HGG and identification of clinical
markers of HGGs that may have therapeutic potential as drug targets.

2. Materials and methods:

2.1 Tissue sample collection and histopathological characterization

Tissue samples from the radiologically confirmed glioma patients were collected as per the Good Clinical
Practice (GCP) guidelines. All patients participated in the study had provided written consent before
surgery. The study is approved by Institute Ethics Committee IIT Bombay (IEC number 139) and the IRB
(Institute Review Board) Tata Memorial Hospital, Mumbai. Clinical details of glioma patients participated
in the study are mentioned in Table 1. All tissue samples used in the study were characterized by a
histopathologist and categorized in grade I, II, III and IV based on WHO 2016 classification (12). Grade I
and II are considered low grade glioma while grade III and IV are grouped under high grade gliomas.

2.2 Protein extraction and digestion

Tissue samples which were radiologically and histopathologically confirmed to be glioma were processed for
proteomic analysis as reported earlier (13). Briefly, 8M urea buffer was used to lyse the tissue samples followed
by sonication (Sonics Materials, Inc; model no. VCX 130) at 40% amplitude for 2.5 min and centrifuged at
6018 x g for 15 min at 4°C to separate the cell debris from the supernatant. For global proteomics analysis,
11 high grade glioma (HGG) and 5 low grade glioma (LGG) tumor samples were included. Further, to
validate the significant proteins from global proteomics data, targeted proteomics analysis was performed on
19 samples (HGG = 14, LGG = 5).

For MS analysis, approximately 25μg of protein from each sample was digested. The protein was first reduced
with 20 mM Tris (2-carboxyethyl) phosphine (TCEP), and 40 mM iodoacetamide (IAA) was used to alkylate
the reduced cysteine residues. Further, the samples were digested with trypsin at an enzyme/substrate ratio
of 1:50 and incubated at 37°C for 16 hours. Digested peptides were desalted using a C18 stage tip and dried
digested sample was resuspended in 0.1% formic acid.

2.3 Global proteomic analysis of glioma samples

One microgram of the digested desalted peptide was run in the Q-Exactive Orbitrap Mass Spectrometer
(Thermo Fisher Scientific, USA) coupled with an automated Easy-nLC 1200 system with a gradient of
solvent A (0.1% formic acid) to solvent B (0.1% FA, 80% Acetonitrile) for 120 min in a positive mode with
blanks after every sample.

For MS OT, detector type was set to orbitrap and resolution was set to 60,000. A scan range of 375-1700
m/z with a maximum injection time of 125 ms was set. Monoisotopic peak determination was on peptide
mode, charge state was set to 2-6. For dynamic exclusion, mass tolerance was 10 ppm and exclusion duration
was set to 40 s. For ddMS2 OT HCD, resolution was set to 30,000, isolation window was 2, HCD collision
energy was 30 %, mass range was normal and AGC target was set to standard.

The MS acquired data in .raw format was analysed using Maxquant (Version 1.6.12.0) against the UniProt
Human Proteome Database (downloaded on 07092021) for protein identification. Trypsin was used as
the enzyme for protein digestion allowing up to two missed cleavages. Carbamidomethylation of cysteine
(+57.021464 Da) was set as fixed modification whereas oxidation of methionine (+15.994915) was set as
dynamic modifications. The false discovery rate (FDR) for proteins and peptides identification was set to
0.01 to ensure high reliability.

2.4 Statistical data analysis

3
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The LFQ intensities of each sample were extracted and statistical analysis was performed using Perseus
(Version 2.6.0) (14). Proteins with quantified intensities in less than 70% of the samples were discarded.
The data was log2 transformed, median normalized and missing values were imputed separately for each
sample group using a kNN based imputation method. A two-sample t-test was then performed on this
data and the resultant p-values were corrected using Benjamini-Hochberg FDR correction. Proteins were
considered to be significant if they had an FDR corrected p value (q-value) of less than 0.05 and an log 2
fold change value greater than 1.5. Metaboanalyst (Version 5.0) was used for visualization of the heatmap
(15); violin plots and volcano plots were created using Python tools. The violin plots were made with Log2
transformed data and the significance level was calculated based on t-test with Bonferroni correction.

2.5 Gene set enrichment analysis and protein-protein interaction analysis

The identified protein list was used for pre-ranked Gene set enrichment analysis (GSEA) using Hallmark
(16) and KEGG database (17). The number of permutations was set to 1000. Further, Cytoscape (Version
3.9.1) was used to visualize the enriched pathways (18). For protein-protein interaction analysis, significant
protein list was used as input for STRING (Version 11.5), keeping the interaction score to 0.4.

2.6 Multiple reaction monitoring (MRM) based targeted proteomic analysis

Proteins showing differential expression in HGG and LGG were further validated using MRM experiment.
The Transition list of the selected proteins was prepared using Skyline daily version 22.2.1.501 (19) with
human database (downloaded on 07092021). The peptide uniqueness was checked using neXtProt (20) and
imported to Skyline-daily. Proteins which had 3 or more than 3 unique peptides with 8-20 amino acid length
and peptides which had 4 or more than 4 transitions were selected. The missed cleavage criteria was set
to 0, precursor charge and product charge was selected as +2, +1 respectively. All y ions from ion 2 to
last ion -2 were monitored. Initial optimization of transition list was carried out in sample pools to select
the best peptides and their transitions for every protein. For each sample, 1.5 μg peptide was injected in a
triple quadrupole mass spectrometer Altis (Thermo Fisher Scientific) coupled with an Ultimate 3000 UHPLC
system. A binary buffer system (Buffer A = 0.1% Formic acid in water and Buffer B = 0.1% Formic acid
in Acetonitrile) allowed for the separation of peptides. The data was acquired using the same methodology
mentioned in the previous study (21). BSA was run to check the instrument’s performance on different days.
PROSIT library was used as the spectral library (22). Data analysis was performed using MSstats tool
(23) in Skyline daily to identify the significant peptides (p value < 0.05) and to calculate the fold changes
keeping a confidence interval of 95%. Protein abundances were exported from the skyline daily and after log
2 transformation, violin plots showing differential expression were plotted.

2.7 In-silico molecular docking

In-silico molecular docking of OST was performed using catalytic subunits, STT3A and STT3B. The Al-
phaFold structures of STT3A (AF-P46977-F1) and STT3B (AF-Q8TCJ2-F1) were retrieved from UniProt
(24). A library of 89 potential FDA approved drug candidates was prepared by downloading their 3D struc-
ture for PubChem database (25). NGI-1, a known OST inhibitor was used as control to set the threshold
for the binding energy and to determine the active sites of the proteins. Energy minimization of ligands was
performed using open babel and Autodock Vina (Version 1.1.2) (26) of PyRx software was used to perform
docking with exhaustiveness value set to 50. The out.pdbqt files generated after the molecular docking
were split into individual poses using vina split command and the pose with lowest binding energy was used
for post docking analysis. PyMOL (Version 2.5.4) and Discovery Studio Visualizer Software (Version 4.0)
was used to visualize the docked structures and binding interactions were identified using protein-ligand
interaction profiler (PLIP) server (27).

3. Results:

3.1 Global proteomic profiling of glioma samples reveals differentially regulated proteins and
glycoproteins

We have performed comprehensive proteomic analysis of glioma samples using high resolution LC-MS/MS
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followed by MRM based validation(Figure 1) . The global proteomic analysis resulted in identification of
1024 unique proteins in at least 70% of the samples.Figure 2A represents a heatmap of top 25 differentially
expressed proteins in HGG and LGG. The principal component analysis (PCA) plot showed two separate
clusters for HGG and LGG with a score of 33% for PC1, 13.3% for PC2 and 10.1% for PC3 (Figure 2B).The
statistical test provided 140 significant proteins (FDR q value <0.05, absolute Fold change >1.5), of which
72 proteins were downregulated and 68 proteins were upregulated in HGG when compared the protein
abundance (Figure 2C) . Proteins, namely, Fibronectin (FN1), Collagen alpha-3(VI) chain (COL6A3),
Collagen alpha-2(VI) chain (COL6A2), Fibrinogen beta chain (FGB), Plasminogen (PLG), Inter-alpha-
trypsin inhibitor heavy chain H2 (ITIH2), Kininogen-1 (KNG1) were found to be significantly upregulated
in HGG, whereas proteins like Contactin-1 (CNTN1), Tenascin-R (TNR), Neurofascin (NFASC), Ankyrin-2
(ANK2) and Neurogranin (NRGN) were found downregulated in HGG. A list of key candidate proteins and
glycoproteins identified via label-free quantitative proteomics in high grade glioma tumor samples is given
in Table 2.

3.2 Pathway enrichment analysis showed epithelial mesenchymal transition pathway to be
highly enriched in high grade gliomas

Gene set enrichment analysis of identified proteins resulted in enriched pathways associated with glioma
pathobiology ranked according to their normalized enrichment score (NES) along with the enriched proteins
in each pathway (Figure 2D, Figure S1) . The top 5 enriched pathways in HGG include, epithelial
mesenchymal transition (NES = 1.77), focal adhesion (NES = 1.48), regulation of actin cytoskeleton (NES
= 1.41), MTORC 1 signaling (NES = 1.28) and hypoxia (NES = 1.16) (Figure S2 ). Further GSEA with
gene ontology functional database for cellular component using WebGestalt showed maximum number of
proteins in HGG were mapped to extracellular matrix, blood microparticle and ER lumen respectively with
FDR less than 0.05 (Figure S3 ).

3.3 Protein-protein interaction analysis highlights glycoprotein mediated biological pathways
in HGGs

A list of significantly upregulated proteins from HGG was used to perform protein-protein interaction anal-
ysis. PPI analysis showed the significant upregulated proteins to be mapped to four different biological
pathways in HGG. These pathways include; focal adhesion (n = 12), N-glycan biosynthesis (n = 3), ECM
receptor interaction (n = 10) and complement and coagulation cascades (n = 9) (Figure 3) . Proteins
RPN1, RPN2 and DAD1 are the subunits of OST complex which is responsible for glycosylation. Further,
FN1, FGA, FGB, FGG, VTN and collagens are the crucial molecules related to ECM and have shown high
interaction with each other. The trend of few significant proteins was shown in the form of violin plots
(Figure 3).

3.4 Multiple Reaction Monitoring based validation of proteins identified by global proteomics
analysis

Differentially regulated significant proteins were validated using multiple reaction monitoring assay. For
Initial optimizations, 20 proteins where 185 peptides and 1508 transitions were monitored to identify the
best flying peptides and their transitions using sample pools. Further, data was refined based on peak shape,
peak intensity and peak area and final transition list was prepared with 14 proteins comprising of 69 peptides
and 447 transitions. For the MRM experiment, the data was acquired for total 19 tissue samples, including
14 high grade glioma samples and 5 low grade glioma samples. To monitor the system suitability, an equal
amount of heavy labelled synthetic peptide (ENQTCDIYNGEGR) was spiked in each sample and observed
CV was 10%.(Figure 4). We observed overexpression of 10 proteins including, FN1, FGA, FGB, TGF-BI,
VTN, RPN1, RPN2, FLNA, VIM and DDOST in HGGs while 1 protein TNR showed downregulation during
MRM experiment.

Three subunits of OST complex; RPN1, RPN2 and DDOST showed similar trend as discovery data, high
abundance in HGG samples compared to LGG. The cumulative log2 fold change (cLog2FC) identified from
MSstat analysis was 1.12, 1.56 and 2.64 respectively with a confidence level of 95%. Proteins related to ECM
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remodelling such as vitronectin (cLog2FC - 3.27), fibrinogen alpha chain (cLog2FC - 3.25), fibrinogen beta
chain (cLog2FC - 4.32), filamin-A (cLog2FC -) also showed over expression in HGG which corelates with the
global proteomics data. Mesenchymal markers such as fibronectin (cLog2FC - 2.51), vimentin (cLog2FC -
5.95) and transforming growth factor-β (cLog2FC- 2.59) also showed high expression in high grade gliomas
compared to LGG there by validating the results of LFQ experiment. (Figure 4, Figure S4) . The final
list of the proteins and their corresponding peptides along with p value and Log2 FC was given in Table
S1.

3.5 In-silico molecular docking of oligosaccharyltransferase to explore its role as therapeutic
target

We performed in silico molecular docking of STT3A and STT3B with a library of 89 FDA approved drugs
(Table S2 ). STT3A and STT3B are the catalytic subunits of Oligosaccharyltransferase, STT3A-OST catal-
yses co-translational N-glycosylation while STT3B-OST catalyses post-translational glycosylation. NGI-1 is
a known inhibitor of both oligosaccharyltransferase (OST) isoforms; STT3A-OST and STT3B-OST. There-
fore, it was used as a positive control to set the threshold for binding energy and to identify the active site.
NGI-1 interacted with STT3A and STT3B with binding energy of -8.3 kcal/mol and -7.7 kcal/mol respec-
tively. In total 44 drugs out of 89 showed lower binding energy than NGI-1 for STT3A while for STT3B, 52
drugs showed lower BE and 46 drugs were common between STT3A and STT3B. Top 5 drugs which showed
lower binding energy than the control and share same binding pockets were selected. The list of top 5 drug
candidates with their binding energy is given in (Table S3). Irinotecan and Entrectinib interacted with both
STT3A and STT3B with lowest binding energy(Figure 5) . Irinotecan is a camptothecin derivative that
has a broad-spectrum antitumor activity against a variety of tumors. It was first approved for the treatment
of metastatic colorectal cancer (CRC). Combining irinotecan with other drugs increases the overall survival
in CRC patients (39). Irinotecan binds to STT3A with a binding energy of -11 kcal/mol and to STT3B with
10.6 kcal/mol. Entrectinib is another drug which has shown higher affinity, it binds with STT3A with -10.7
kcal/mol and with STT3B with -10.6 kcal/mol. Entrectinib is a multi-target small molecule inhibitor that
targets TRK, ROS1 and ALK. It is approved by the FDA for the treatment of locally advanced or metastatic
solid tumors with NTRK, ROS1 and ALK gene mutations (40).

4. Discussion

High-grade gliomas are particularly challenging tumours to treat due to their invasive nature which requires
substantial understanding of molecular mechanism behind their aggressive behaviour compared to low grade
gliomas. Since LGGs are less common and exhibit milder symptoms than HGG delayed diagnosis or misdiag-
nosis are frequent. LGG are also slow-growing and less invasive compared to high-grade gliomas and in some
cases do not require immediate surgical intervention. Because of these reasons it is challenging to get the low-
grade glioma tissue samples compared to HGG. The current study is the first LC-MS/MS based proteomics
study of high-grade and low-grade tumor tissues investigating the protein level differences and identifying the
key molecular pathways differentially regulated between the two cohorts. We first performed the label free
quantification of glioma samples to identify the differentially regulated proteins in HGGs. Proteins like Fi-
bronectin, Vitronectin Fibrinogens (FGA, FGB, FGG), Collagens (COL1A1, COL1A2, COL4A1, COL4A2,
COL6A1, COL6A2, COL6A3), Plasminogen and Transforming growth factor-β came over-expressed in the
HGGs, while other proteins like Tenascin R, Contactin-1, Neurofascin, Ankyrin-2 and Neurogranin were
found downregulated in HGG.

Fibronectin and vitronectin both are glycoproteins found in the extracellular matrix (ECM), they play a
crucial role in cancer cell invasion and metastasis. Fibronectin provides a substrate for cancer cells to
adhere to and migrate from the primary tumor site and invade surrounding tissues (41). Fibronectin and
vitronectin both are known to interact with integrin receptors on the cancer cell surface, promoting cell
adhesion and initiating signaling pathways that regulate migration. Cancer cells secrete enzymes called
matrix metalloproteinases (MMPs), which degrade the ECM components facilitating tumor cell invasion
(40, 41).
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Another class of proteins found overexpressed in HGG were fibrinogens such as FGA, FGB and FGG.
In high-grade glioma, the disrupted blood-brain barrier allows fibrinogen from the blood to penetrate the
tumor microenvironment where it is converted into insoluble fibrin by the enzyme thrombin, resulting in
the formation of fibrin deposits within the tumor. Fibrin deposits in the tumor microenvironment act as a
provisional matrix further promoting the migration and invasion of glioma cells (7).

Our data also showed high expression of collagens in HGG, like fibronectin and fibrinogens, collagens are
also key components of the extracellular matrix (ECM). Upregulated collagens, particularly collagen types I
and IV, play a role in ECM remodeling within HGG. These collagens are deposited around tumor cells and
contribute to the formation of a denser and stiffer ECM. This altered ECM composition and structure can
facilitate tumor cell invasion and migration through the surrounding brain tissue (43). In HGG, upregulated
collagens also contribute to angiogenesis, the formation of new blood vessels that supply nutrients and
oxygen to the tumor. They promote endothelial cell adhesion, migration, and tube formation, facilitating
the development of an extensive vascular network within the tumor (5).

Gene set enrichment analysis of identified proteins revealed epithelial mesenchymal transition (EMT) path-
way to be highly enriched in HGGs followed by enriched focal adhesion and actin cytoskeleton pathway.
EMT and the focal adhesion pathway are interconnected and play significant role in the progression of
cancer. EMT is a process through which epithelial cells acquire mesenchymal-like characteristics, including
enhanced migratory and invasive properties (44). In high-grade gliomas, EMT has been observed and is
associated with tumor progression and metastasis. EMT enables glioma cells to detach from the primary tu-
mor mass, invade surrounding brain tissue, and migrate to distant sites. Glioma cells undergoing EMT show
phenotypic changes, such as loss of cell-cell adhesion molecules (e.g., E-cadherin) and gain of mesenchymal
markers (e.g., N-cadherin, vimentin, fibronectin), facilitating their invasive behavior (5,44). Transforming
growth factor-beta-induced protein (TGF-β), a strong inducer of EMT transcription factors, drives the EMT
in both SMAD and non-SMAD signalling pathways (45). We have observed high expression of TGF-β in
high grade gliomas indicating the over expression of EMT pathway in HGG. EMT has also been linked to
resistance to chemotherapy and radiation therapy in gliomas. The altered molecular profile and increased
migratory properties conferred by EMT can contribute to therapy resistance and tumor recurrence (44). It
has been associated with the acquisition of stem cell-like properties in glioma cells. Cells undergoing EMT
exhibit enhanced self-renewal capabilities, increased resistance to apoptosis, and a capacity for multilineage
differentiation (44). These stem-like properties contribute to tumor heterogeneity and therapeutic resistance,
which is well known phenomenon in HGG.

Another enriched pathway observed in HGG was focal adhesion pathway which is critical for cell adhesion,
migration, and mechano-transduction. In HGG, the focal adhesion pathway is upregulated and contributes
to invasive and migratory behaviors. Focal adhesion proteins also participate in ECM remodeling by medi-
ating the interaction between cells and the surrounding matrix (46). Dysregulated focal adhesions in gliomas
contribute to ECM degradation, facilitating tumor invasion and angiogenesis. Focal adhesion proteins, in-
cluding FAK (focal adhesion kinase), activate downstream signaling pathways involved in tumor progression,
such as MAPK and PI3K/AKT pathway (46) . These signaling cascades regulate cell survival, prolifera-
tion, and migration, promoting glioma progression and resistance to therapy. Understanding the interplay
between EMT and the focal adhesion pathway in high-grade glioma progression is crucial for developing
targeted therapies. Strategies aimed at inhibiting EMT, disrupting focal adhesion signaling, or targeting
key molecules within these pathways hold promise for limiting glioma invasiveness and improving treatment
outcomes.

Hypoxia is the other pathway which was found enriched in HGG, characterized by low oxygen levels. Tumors
often develop regions of inadequate oxygen supply due to their rapid growth and aberrant vasculature.
Hypoxia triggers the release of various pro-angiogenic factors, such as vascular endothelial growth factor
(VEGF), to stimulate the formation of new blood vessels (47) . This process, known as angiogenesis,
helps supply oxygen and nutrients to the tumor, promoting its growth and survival. Increased angiogenesis
also contributes to tumor aggressiveness and metastasis. Hypoxic conditions force cancer cells to adapt
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their metabolism to survive and grow. They undergo metabolic reprogramming, shifting towards anaerobic
glycolysis, known as the Warburg effect, which allows them to generate energy even in the absence of oxygen.
This metabolic switch not only provides energy for cancer cell growth but also leads to the accumulation
of metabolic byproducts that can promote tumor progression (47). Hypoxia can also induce genetic and
epigenetic changes in cancer cells that promote their growth and survival. Hypoxia-inducible factors (HIFs)
are key transcription factors that are stabilized under low oxygen conditions and regulate the expression
of various genes involved in angiogenesis, metabolism, cell survival, and invasion. HIFs can promote the
expression of pro-growth and pro-survival genes while inhibiting genes involved in cell death (47) . Hypoxia
has been implicated in promoting EMT. Understanding the role of hypoxia in cancer cell growth is crucial
for developing effective therapeutic strategies. Targeting hypoxia-related pathways, such as angiogenesis
and HIF signaling has emerged as a promising approach to inhibit tumor growth and improve treatment
outcomes in cancer.

The results of GSEA analysis were also in concurrence of protein-protein interaction analysis which re-
sulted focal adhesion, ECM receptor interaction as top pathways. Two additional pathways identified were
complement coagulation cascade and N-glycan biosynthesis. Fibrinogens (FGA, FGB, FGG), plasminogen,
kininogen and antithrombin-III were mapped to complement and coagulation pathways. Three subunits
of oligosaccharyltransferase enzyme RPN1, RPN2 and DAD1 were mapped to N-glycan biosynthesis path-
way. Whereas Multiple reaction monitoring based targeted proteomics experiment identified another subunit
DDOST to be upregulated in HGGs.

Oligosaccharyltransferase (OST) is an enzyme complex with 11 subunits, it is responsible for protein glyco-
sylation. RPN1 and RPN2 subunits are considered as receptors of membrane bound ribosomes hence called
ribophorins (48). DAD1 helps in maintaining the structural integrity of the OST complex by forming a
heterotetrameric complex with RPN1, RPN2 and DDOST while OST48 or DDOST keeps the OST complex
in the ER with its cytosolic domain (49). Higher OST expression is corelated with the aberrant glycopro-
tein expression. Abnormal expression of glycoproteins, can impact the adhesive properties of cancer cells,
affecting cell-cell and cell-ECM interactions. These alterations may contribute to increased invasiveness and
metastatic potential of high-grade glioma cells.Figure 6 summarizes the changes in the extra cellular matrix
during the epithelial to mesenchymal transition and role of OST in cancer cell migration. In several tumour
cells, higher expression of glycosyltransferase has been linked to enhanced aggressiveness. In a study by Wu
et al. (50), immunohistochemistry identified N-Acetylgalactosaminyltransferase-14 as a potential biomarker
for breast cancer. Further, higher expression of sialyltransferases and fucosyltransferases is associated with
enhanced malignant behaviour (51). Similar findings have been observed in various other tumour cells,
including liver, ovary, and melanomas, demonstrating the significance of glycosylation in tumour aggressive-
ness. Similarly, OST can also be explored as potential biomarker for HGGs and it can act as a potential
therapeutic target to control mesenchymal behaviour of HGGs.

We have also performed in-silico molecular docking to identify OST inhibitors which can suppress its expres-
sion. Molecular docking results identified Irinotecan and Entrectinib to be potential inhibitors of catalytic
subunits of OST. Both Irinotecan and Entrectinib are FDA approved therefore safe for human use and
showed good binding affinity towards OST isomers STT3A and STT3B. These inhibitors can be explored
further for their anti-cancer efficacy in cell culture or animal model.

High-grade gliomas, including glioblastoma, are highly heterogeneous tumors. This heterogeneity poses
challenges in identifying consistent and reliable biomarkers that accurately represent the complex molecular
alterations within gliomas. In this study we have performed comprehensive proteomic investigation of high-
grade and low-grade gliomas with the aim to identify potential clinical marker/therapeutic targets. We have
found oligosaccharyltransferase (OST) complex to be highly upregulated in high grade gliomas. Four sub-
units of OST complex; RPN1, RPN2, DAD1 and DDOST have shown higher expression in HGG compared
to LGG. While the specific role of oligosaccharyltransferase in high-grade glioma metastasis remains to be
fully elucidated, it is likely that alterations in glycoprotein expression, potentially influenced by oligosaccha-
ryltransferase activity, can impact various aspects of metastasis, including cell adhesion, invasion, immune
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interactions, and ECM remodeling. Further research is needed to uncover the specific mechanisms and im-
plications of glycosylation in glioma metastasis and the potential involvement of oligosaccharyltransferase in
this process.

5. Conclusions

Several studies have been performed towards understanding the aggressive behavior of high-grade gliomas.
However, the significance of oligosaccharyltransferase mediated tumor progression and invasiveness is still
unclear. High grade gliomas are extremely mesenchymal in nature which further contributes towards the
aggressive nature of gliomas. This mesenchymal transition is accompanied by the over expression of several
glycoproteins and in turn responsible for extra cellular matrix remodelling. Numerous studies have suggested
that OST-mediated glycosylation contributes to the development of various malignancies. In the current
study, we have found a connecting link between the over expression of OST and tumor invasiveness of high-
grade gliomas. Since the study involves small set of samples particularly for the LGG cohort, therefore the
findings should be validated on the large cohort of samples. In addition, glycoprotein enriched samples could
provide better insight in the role of OST mediated glycosylation. This study identifies the key proteins
involved in ECM remodelling and in turn responsible for EMT transition, these can be used as novel clinical
markers or therapeutic targets for tailored management of high-grade gliomas. Finally, the study reveals the
importance of oligosaccharyltransferase in aggressive behaviour of high-grade gliomas, highlighting OST as
a potential target for cancer therapy.
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Figure 1. An overview of the study and schematic of methodological workflow. A) Glioma tissue
samples were collected from 11 high grade glioma patients and 5 low grade glioma patients. After the lysate
preparation and protein digestion, label free quantification was performed. B) The raw files generated from
the mass spectrometer was analysed using MaxQuant followed by statistical data analysis. C) Significant
proteins were selected from the global proteomics data and multiple reaction monitoring assay was performed
for validation. D)In-silico molecular docking of target proteins was performed to identify the potential drug
candidates.

Figure 2. Quantitative proteomic profiling and pathway enrichment analysis of glioma samples.
A) Heatmap of top 25 differentially expressed proteins in HGG and LGG. B) PCA plot showing two separate
clusters for HGG and LGG with a score of 33% for PC1, 13.3% for PC2 and 10.1% for PC3. C) Graphical
representation of the significance in the differential expression was quantitatively performed using volcano
plot: log10 (p-value) vs. log2 (fold change). D) Gene set enrichment analysis revealed positively and negatively
enriched pathways. E) Epithelial Mesenchymal Transition pathway is found to be highly enriched pathways
in HGG with normalized enrichment score 1.77. F) Oxidative phosphorylation process is found to be highly
enriched pathways in LGG with normalized enrichment score -1.87.

Figure 3. Protein-protein interaction analysis of significant proteins in high grade gliomas
and their mapped pathways. Focal adhesion, ECM receptor interaction, N-Glycan biosynthesis and
Complement coagulation cascade pathways are found to be highly upregulated in HGGs. Violin plots showing
differentially expressed proteins in HGG and LGG (**1.00e-03 < p [?] 1.00e-02; ***1.00e-04 < p [?] 1.00e-03;
****p [?] 1.00e-04).

Figure 4. Validation of significant proteins by multiple reaction monitoring assay. A) each
sample was spiked with fixed amount of heavy labelled peptide and the Coefficient of variance is 10%. RPN1
and RPN2 are the subunits of oligosaccharyltransferase (OST). Box plots showing differentially expressed
proteins in HGG and LGG (**1.00e-03 < p [?] 1.00e-02; ***1.00e-04 < p [?] 1.00e-03).

Figure 5. In-silico molecular docking of catalytic subunits of oligosaccharyltransferase complex
with FDA approved drugs.A) The 3D representation of predicted binding pocket of Entrectinib. The
binding affinity of Entrectinib with STT3A is -10.7 kcal/mol and with STT3B is -10.6 kcal/mol. B) The 3D
representation of predicted binding pocket of Irinotecan. The binding affinity of Irinotecan with STT3A is
-11 kcal/mol and with STT3B is -10.6 kcal/mol. C) The predicted 2D interaction map of Entrectinib with
STT3A. D) The predicted 2D interaction map of Irinotecan with STT3A.

Figure 6. Molecular mechanism associated with OST mediated aggressive behaviour of high-
grade gliomas. Malignant transformation of glioma cells involves extra-cellular matrix remodelling which
is accompanied by OST mediated aberrant glycosylation. Glycosylation also results in activation of TGF-
β signalling pathways. TGF- β is a strong inducer of EMT transcription factors, drives the EMT in both
SMAD and non-SMAD signalling pathways.
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