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Abstract: Glioblastoma stem cells (GSCs) are key drivers of relapse, metastasis, and therapy resistance
in glioblastoma due to their adaptability and diversity, which make them challenging to target effec-
tively. This study explores the O-glycosylation in differentiating two key GSC subtypes, CD133 and
CD44. We utilized the TCGA dataset of GBM and presented the reproducible bioinformatics analysis
for our results. Our profiling showed enriched O-glycosylation signatures in CD44-expressing GBM
cells over CD133, with Cosmc, the chaperone for core mucin-type O-glycosylation, significantly up-
regulated in the CD44-positive group. Moreover, Cosmc was associated with shorter progression-free
intervals, suggesting its potential as an indicator of aggressive disease. High Cosmc expression also
enriched immune-related pathways, including inflammatory response and antigen presentation,
and was associated with presence of myeloid cells, T cells, and NK cells. Additionally, elevated
Cosmc correlated with extracellular matrix (ECM) pathways and stromal cell populations, such as
perivascular fibroblasts. These findings position O-glycosylation, specially, Cosmc as a promising
biomarker for distinguishing GSC subclones, with relevance to immune modulation, and ECM
dynamics, identifying it as a potential target for novel GBM therapies.
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1. Introduction

Glioblastoma (GBM) poses a significant challenge in modern therapy, due to its rapid
progression, invasiveness, and resistance to standard treatments, including surgery, radia-
tion, and chemotherapy [1]. A key contributor to this disease’s persistence is a rare subset
of cells known as glioblastoma stem cells (GSCs), which drive tumor growth, recurrence,
and resistance to conventional therapies [2,3]. GSCs possess plasticity, self-renewal, and
pluripotency, enabling them to repopulate the tumor even after apparent tumor clearance.
This resilience is largely due to their ability to adapt to environmental pressures through
dynamic signaling reprogramming [4]. Two primary surface markers, CD133 and CD44,
are commonly used to identify GSCs. CD133, a cell surface glycoprotein, is frequently
expressed in GSCs and is associated with enhanced tumorigenicity and resistance to ther-
apy [5,6]. CD44, a receptor involved in cell–cell and cell–matrix interactions, marks a subset
of mesenchymal glioma stem cells and is linked to invasive behavior [7]. Despite advances
in our understanding of GSCs, there is still no clear consensus on their heterogeneity,
distribution within tumors, or the hierarchy of sub-clones contributing to tumoral diver-
sity [8]. For instance, hypoxic conditions induce a shift from CD44+ to CD133+ cells, while
chemotherapy triggers the reverse transition [9]. Furthermore, CD133- cells display stem
cell-like properties yet exhibit distinct proliferative and molecular programming, reflecting
the diversity in GSC origin and subtypes [10].

Additionally, CSCs actively shape the tumor microenvironment by recruiting a diverse
array of immune and stromal cells with specialized functions that support GSC survival and
maintenance [11,12]. These recruited cells establish a unique microenvironment, known
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as the tumor niche, which supplies GSCs with essential signaling molecules, nutrients,
and immune protection. This supportive interaction enhances GSC survival, self-renewal,
and resistance to therapies and tumor progression. Together, these interactions contribute
to the tumor’s resilience and therapy resistance, ultimately leading to a poor prognosis
for patients [13]. Identifying novel markers to differentiate GSC subclones within GBM’s
heterogeneous landscape is essential; such markers could not only improve our understand-
ing of GBM biology, but also guide the development of targeted therapies that selectively
eliminate cancer stem cells (CSCs), and potentially reduce recurrence.

Aberrant glycosylation is a hallmark of cancer, frequently used by CSCs to facilitate
immune evasion, stemness, proliferation, survival, drug resistance, and metastasis [14–17].
Specifically, O-glycosylation, where sugars attach to the oxygen atom on serine or threo-
nine residues, modulates cell surface proteins critical for immune modulation and tumor
growth [18–20]. Dysregulated O-glycosylation in cancer has been associated with the
invasive and stem-like properties of CSCs, highlighting its potential as a target for un-
derstanding GBM progression and developing therapies [21]. For instance, disruption of
core 1-mediated O-glycosylation reduces CD44 expression on the cell surface and increases
its exosomal release in colon cancer, whereas restoring Cosmc (core 1 β3GalT-specific
molecular chaperone) rescues CD44 surface expression [22]. Similarly, truncated O-glycans
on CD44 enhance stemness properties in pancreatic cancer [23]. In GBM, inhibition of
GALNT2, an enzyme that initiates mucin-type O-glycosylation, suppresses self-renewal
in vitro and in vivo by downregulating CD44 expression [24]. These studies indicate that a
proper O-glycosylation pathway is necessary for CD44 integrity and functionality. Overall,
O-glycosylation is a conserved mechanism across cancers for maintaining CSC stemness
properties, particularly in GBM.

In this study, we identified differential O-glycosylation patterns in CD133- and CD44-
expressing groups, focusing on Cosmc as a key molecule. Our bioinformatic analysis
of TCGA data revealed that elevated Cosmc expression was associated with shorter
progression-free survival, highlighting its potential as a therapeutic target. Notably, Cosmc
was predominantly showing correlations with immune and stromal activity, inflammatory
pathways, immunosuppressive environments, and ECM remodeling. By investigating the
role of O-glycosylation markers like CD44 and CD133 associated with GSCs, we aim to
determine whether O-glycosylation distinguishes CD133- and CD44-stem-like cells, and
how it contributes to the complex cellular interactions within the TME.

2. Results
2.1. Distinct O-Glycosylation Signatures in CD44 and CD133 Subtypes of GBM Reveal
Prognostic Potential of COSMC

We first evaluated O-glycosylation signatures in GBM patients expressing CD44 and
CD133 groups, using TCGA data. Our results showed that the CD44 group was significantly
enriched in several O-glycosylation signatures, with the strongest association observed for
DISEASES_OF_GLYCOSYLATION (p = 0.008). Conversely, the CD133 group displayed
downregulation in only one significant pathway: O_LINKED_GLYCOSYLATION_OF_
MUCINS (p = 0.006) (Figure 1A). An inverse pattern in O_LINKED_GLYCOSYLATION_OF_
MUCINS was noted between the CD44 (p = 0.047) and CD133 groups (p = 0.0063). To
identify genes specific to mucin-related signaling, we performed an intersection analysis of
gene sets linked to CD44 and CD133. This analysis revealed 14 common genes, while 6 were
unique to CD44 and 8 to CD133 (Figure 1B). We then focused on these unique genes for
each marker, comparing their expression in GBM versus normal brain tissue (Figure 1C). In
the CD133 group, GALNT9 and GCNT4 were significantly downregulated, while ST6GAL1
was upregulated in GBM. In the CD44 group, B3GNT5 and Cosmc (C1GALT1C1) were
upregulated in GBM compared to normal tissue (Figure 1D). To assess the prognostic
value of these genes, we used the Xena platform to analyze overall survival (OS) and
progression-free interval (PFI). This analysis indicated a significant association between
Cosmc expression and PFI (p = 0.0091) (Figure 1E). To further explore the relationship
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between Cosmc and CD44, we analyzed the Ivy Glioblastoma Atlas Project (Ivy-GAP)
cohort to assess the spatial associations between these two markers. Our analysis revealed
a significant correlation between Cosmc and CD44 (Appendix A, Figure A1A), but not with
CD133 (Appendix A, Figure A1B). Additionally, we examined other datasets to evaluate the
distribution of Cosmc in CD133−/CD133+ and CD44−/CD44+ GBM. For this, we selected
one dataset in which CSCs were sorted based on CD133 markers (GSE85297) and one
dataset in which GBM cells were also isolated, based on CD133 (GSE34152). Both datasets
showed no significant difference in Cosmc expression in CD133- and CD133+ populations
(Appendix A, Figure A1C,D). Next, we selected an RNA-sequencing dataset and stratified
the samples into CD133−/CD133+ and CD44−/CD44+ groups based on the median ex-
pression levels of CD133 and CD44, respectively, then assessed Cosmc gene expression.
Our analysis showed that Cosmc was significantly enriched in the CD44+ group compared
to the CD44− group, while no significant differences were observed between the CD133
groups (Appendix A, Figure A1E). Our findings highlight distinct O-glycosylation patterns
in GBM associated with CD44 and CD133 expression, revealing unique gene signatures
and suggesting a prognostic role for Cosmc.
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Figure 1. COSMC is associated with the CD44 GBM stem cell marker, but not with CD133. (A) 
The O-glycosylation-related pathways enriched in CD44 (red) and CD133 (green), with a p-value 
shown. * p < 0.05, ** p < 0.01. (B) The C Venn diagram represents the shared and unique gene number 
among the O-linked_glycosylation_Of_Mucins in the CD44 and CD133 groups. (C) The log2 
normalized TPM median gene expression of 8 genes in the CD133 group compared to normal brain 
tissue within Gepia. (D -The log2 normalized TPM median gene expression of 6 genes in the CD44 
group compared to normal brain tissue within Gepia. The statistical test was performed using one-
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Figure 1. COSMC is associated with the CD44 GBM stem cell marker, but not with CD133. (A) The
O-glycosylation-related pathways enriched in CD44 (red) and CD133 (green), with a p-value shown.
* p < 0.05, ** p < 0.01. (B) The C Venn diagram represents the shared and unique gene number among
the O-linked_glycosylation_Of_Mucins in the CD44 and CD133 groups. (C) The log2 normalized
TPM median gene expression of 8 genes in the CD133 group compared to normal brain tissue within
Gepia, * p < 0.05. (D) The log2 normalized TPM median gene expression of 6 genes in the CD44
group compared to normal brain tissue within Gepia. The statistical test was performed using
one-way ANOVA, * p < 0.05. (E) Forest plot of overall survival of the significant overexpressed genes
among both CD133 and CD44 groups. (F) Forest plot of progression-free interval of the significant
overexpressed genes among both CD133 and CD44 groups. The statistical test was performed using
the log rank test, ** p < 0.01.

2.2. COSMC-C1GALT1-ST3GAL1 Chain in Glioblastoma Shows Links to CD44

While Cosmc dysfunction has been identified in several diseases, including solid cancers,
its specific role and impact with regard to GBM remain largely unexplored [25]. During mucin
type O-glycan biosynthesis, Cosmc facilitates C1GALT1 (core 1 β1,3-galactosyltransferase)
proper folding and stability, essential for synthesizing mucin-type O-glycans. With Cosmc
support, C1GALT1 processes the Tn antigen (GalNAcα1-Ser/Thr-R) to form core
1 Galβ1–3GalNAcα1-Ser/Thr (T antigen) and prevents the accumulation of the Tn anti-
gen [26]. Downstream, ST3GAL1 and B3GNT3 further modify these glycan structures by
adding sialic acid and N-acetylglucosamine, respectively, influencing the diversity and
functionality of glycoproteins [27] (Figure 2A). To investigate the association of these glycan
chains with CD44 and CD133, we first compared C1GALT1, ST3GAL1, and B3GNT3 ex-
pression in GBM and normal brain tissue. Notably, both Cosmc (Figure 1D) and C1GALT1
showed significant upregulation in GBM, whereas ST3GAL1 did not show statistically
significant differences (Figure 2B). B3GNT3 gene expression was not significantly detected.
We then assessed correlations between these genes and the markers CD44 and CD133.
Spearman correlation analysis revealed a positive association between CD44 and both
C1GALT1 and ST3GAL1, with no significant association for B3GNT3. Conversely, CD133
was negatively correlated with ST3GAL1, and showed no significant correlation with
C1GALT1 or B3GNT3 (Figure 2C). Finally, we evaluated the prognostic relevance of these
genes in GBM. We could not assess B3GNT3 clinical association because it did not have
significant enough cohort size to perform the analysis; therefore, we could only perform
this analysis for C1GALT1 and ST3GAL1. Our findings indicated that none of the genes
exhibited clinical significance for GBM prognosis (Figure 2C). Overall, our analysis high-
lights a positive association between the COSMC-C1GALT1-ST3GAL1 chain and CD44,
with Cosmc being the only component showing clinical relevance.
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Figure 2. O-glycosylation core pathways in GBM. (A) Cosmc O-glycosylation model, GalNAc, N-
acetylgalactosamine, GlcNAc, N-acetylglucosamine. (B) Gene expression of C1GALT1, ST3GAL1 
and B3GNT3 compared in matched normal brain versus GBM. Statistical test was performed using 
one-way ANOVA, * p < 0.05. (C) Heatmap displaying the Spearman correlation between the O-
glycosylation core with CD133 and CD44. Statistical test was performed with Spearman correlation 
test, and the significant p value was displayed on the heatmap. **** p < 0.0001, *** p < 0.001, * p < 0.05. 
(D) Kaplan–Meier curve of overall and progression-free survival analysis of C1GALT1, ST3GAL1, 

Figure 2. O-glycosylation core pathways in GBM. (A) Cosmc O-glycosylation model, GalNAc, N-
acetylgalactosamine, GlcNAc, N-acetylglucosamine. (B) Gene expression of C1GALT1, ST3GAL1
and B3GNT3 compared in matched normal brain versus GBM. Statistical test was performed using
one-way ANOVA, * p < 0.05. (C) Heatmap displaying the Spearman correlation between the O-
glycosylation core with CD133 and CD44. Statistical test was performed with Spearman correlation
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test, and the significant p value was displayed on the heatmap. **** p < 0.0001, *** p < 0.001, * p < 0.05.
(D) Kaplan–Meier curve of overall and progression-free survival analysis of C1GALT1, ST3GAL1,
with code color as follows: high (red) and low expression (blue). The difference between the two
curves were determined by the two-sided log-rank test.

2.3. COSMC Is Significantly Correlated with Mesenchymal Stem-like Phenotype

To further explore the relationship between Cosmc and GSCs, we focused on assessing
the enrichment of stem cell-related pathways by comparing groups with high (n = 86) and
low (n = 86) Cosmc expression, based on the median expression. Gene set enrichment
analysis (GSEA) revealed significant enrichment of multiple stem cell signaling pathways in
GBM, including NRF2 (p < 0.0001) [28], integrin 3 (p = 0.00087) [29], CXCR4 (p = 0.0061) [30],
uPA-uPAR (p = 0.0063) [31], RUNX1 (p = 0.011) [32], and PPAR (p = 0.015) [33] (Figure 3A).
Additionally, we observed enrichment of canonical pathways linked to stemness, such
as stem cell pathways (p = 0.012), hematopoietic stem cell differentiation (p = 0.03), and
pluripotent stem cell differentiation (p = 0.049).

To quantify the association between Cosmc and stem cell markers, we applied gene set
variation analysis (GSVA), scoring a curated gene set comprising NRF2, integrin 3-ITGAV,
CXCR4, uPA, uPAR, RUNX1, and PPARG. This provided an estimated activity level for
stemness-related pathways. Correlation analysis further indicated a significant association
between Cosmc and these gene sets, reinforcing the relevance of Cosmc in stem cell signaling
within GBM (Figure 3B). To further validate the association between Cosmc and the stemness
phenotype, we analyzed additional cohorts, including the Repository of Molecular Brain
Neoplasia Data (Rembrandt) and the Gravendeel dataset. We first compared Cosmc gene
expression of normal brain tissue and GBM across both cohorts, and observed significantly
elevated Cosmc expression in GBM in both datasets (Appendix A, Figure A2A,B). We then
assessed the individual correlations between Cosmc and various stem cell genes. The results
demonstrated a generally strong correlation between Cosmc and each stem cell gene, with
the exception of RUNX1 in the Gravendeel cohort (Appendix A, Figure A2C).

The GSCs have been observed to reside in a quiescent, or slow-cycling, state [34].
Additionally, Brown et al. reported that CD133-positive GSCs are more proliferative, while
CD44-positive GSCs exhibit a more quiescent phenotype [9]. To examine this in the context
of Cosmc, we analyzed hallmark pathways enriched in Cosmc-high groups. Our results
indicated a downregulation of cell cycle-related pathways, including the G2M checkpoint,
mitotic spindle assembly, and E2F target regulation (Figure 3C). In contrast, upregulated
pathways included those involved in inflammatory response, IFNγ signaling, metabolism,
cytokine signaling, apoptosis, coagulation, and hypoxia (Figure 3C). Interestingly, the en-
richment analysis showed an upregulation of epithelial–mesenchymal transition pathways
(EMT), which is often related to stemness and aggressive behavior of GBM [35] (Figure 3C).

To further investigate the association of Cosmc with a slow-cycling phenotype, we
assessed its correlation with genes linked to both slow- and fast-cycling states. Specifically,
we analyzed its relationship with genes associated with cycling that have been investigated
in GBM. We selected three fast-cycling genes, CDK2 (cyclin-dependent kinase 2), CCNB1
(cyclin B1) [36], and MKI67 [37], and with two slow-cycling genes, CDKN1A (cyclin-
dependent kinase inhibitor 1A) and G0S2 (G0/G1 switch gene 2) [38]. Our analysis revealed
a negative correlation between Cosmc and MKI67, with no significant association for the
other fast-cycling markers. In contrast, Cosmc positively correlated with the two genes
associated with slow-cycling genes (Figure 3D). We also evaluated the association between
cycling patterns and Cosmc expression in the Rembrandt and Gravendeel cohorts, but no
similar profiles were observed compared to the TCGA dataset (Appendix A, Figure A2D).
This discrepancy between cohorts may be attributed to heterogeneity of CSC subclones
among cohorts [39] and the small fraction of slow-cycling clones within CSCs. Since slow-
cycling clones represent only a small fraction of CSC subclones, their contribution may be
under-represented in the datasets [40]. Additionally, CD44+ CSCs are known to exhibit
plasticity in their cycling behavior, which may further contribute to these differences [41].
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Figure 3. COSMC is associated with mesenchymal stem-like phenotype. (A) Top 10 stemness-
related pathways from GSEA analysis enriched in the Cosmc group. Blue and red indicate the
significance −log10 (p-value) for enrichments of the pathway. (B) Spearman correlation between
GSVA Cosmc and enrichment scores obtained from the stem cell marker sets. (C) Hallmark gene sets
from GSEA analysis enriched in Cosmc. The upregulated and downregulated significant signatures
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are represented in the normalized enrichment score (NES) with a p-value shown with the code color.
(D) Spearman correlation between Cosmc gene expression slow-cycling genes (G0S2 and CDKN1A)
and fast-cycling genes (CDK2, CCNB1, and MKI67), carried out by plotting log2 normalized count
(norm count + 1) for each marker. CDK2 (cyclin-dependent kinase 2), CCNB1 (cyclin B1), CDKN1A
(cyclin-dependent kinase inhibitor 1A), G0S2 (G0/G1 switch gene 2). (E) Spearman correlation bubble
plot of PN-GSC (black) and MES-GSC (purple) markers associated with Cosmc expression. The
significance shows the correlation coefficient with a −log10 p-value.

In GBM, two stem cell subtypes have been identified: proneural GBM stem cells
(PN-GSCs) and mesenchymal GBM stem cells (MES-GSCs), each defined by unique molec-
ular and phenotypic markers. PN-GSCs are characterized by the expression of MAP2,
DLL2, OLIG2, SOX2, FUT4, and CD133, while MES-GSCs exhibit markers such as CD44,
CHI3L1, GFAP, HSPA5, BMI1, and ALDH1A3 [42]. Studies have further demonstrated
that PPARG [33], CXCR4 [43], and uPAR [31] are specifically expressed by mesenchymal
stem cells. The enrichment and stemness correlation with these markers, as shown in
Figure 3A,B, suggest a potential correlation between Cosmc and mesenchymal subtypes. To
determine the stem cell subtype associated with Cosmc, we conducted a Spearman correla-
tion analysis, which showed a strong correlation between Cosmc and MES-GSC-associated
markers (Figure 3E). We also confirmed that Cosmc was mostly distributed in the MES
subtypes, but not in PN, in both cohorts of Rembrandt and Graveendeel (Appendix A,
Figure A2E). Collectively, these findings indicate that Cosmc is associated with a stemness
phenotype, associated with mesenchymal-like characteristics in GBM.

2.4. COSMC Is Significantly Associated with an Inflammatory Immune Environment

Immune cell infiltration within the tumor microenvironment (TME) plays a critical
role in promoting tumor growth and therapy resistance. We explored the relationship
between Cosmc expression and immune infiltration in GBM by analyzing immune and ES-
TIMATE scores from the ESTIMATE method. Our analysis identified a positive association
between Cosmc expression and both immune and ESTIMATE scores (Figure 4A). To further
investigate immune-related pathways associated with Cosmc, we compared immune cell
pathway enrichment between high and low Cosmc-expression groups, based on the Bio-
carta and Reactome pathways. In Biocarta, pathways enriched in high Cosmc expression
included interactions between lymphoid and non-lymphoid cells, antigen presentation
signaling, and pathways involving B cells, neutrophils, and T cells (Figure 4B). In Reactome,
Cosmc was linked with a variety of inflammatory immune cells, such as CD4 Th1-Th2
cells, natural killer T (NKT) cells, B cells, dendritic cells (DCs), granulocytes, monocytes,
and neutrophils (Figure 4B). To assess the immune landscape associated with Cosmc, we
analyzed immune cell populations correlated with Cosmc expression. Cosmc showed a
strong association with antigen-presenting cells, including plasmacytoid dendritic cells
(pDCs), DCs, and macrophages, as well as myeloid lineage cells like monocytes and MDSCs
(Figure 4C). Among CD4 T cell subsets, Cosmc correlated positively with Th1 and Th2 cells,
but showed no association with Th17 cells. Cosmc also positively correlated with CD4
T-regs and MDSCs, both key players in creating an immunosuppressive microenvironment
in GBM [44]. Although Cosmc-enriched pathways included CD8 T cells (Figure 4C), Cosmc
itself showed no significant correlation with CD8 T cell populations. Regarding B cells,
Cosmc was not significantly correlated. Among NK cell subsets, only NK bright cells
were positively correlated, while cytotoxic NK dim cells showed no significant association.
Among granulocytes, eosinophils and mast cells did not correlate significantly with Cosmc,
though NKT cells exhibited a positive correlation, consistent with pathway-enrichment
findings (Figure 4B).

Overall, these findings suggest that Cosmc is closely associated with inflammatory
and immunosuppressive immune cells, underscoring its potential role in modulating the
immune landscape of the GBM tumor microenvironment.
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Figure 4. The association between COSMC and the immune microenvironment in GB. (A) Spearman
correlation of immune and estimate score with Cosmc log2 (norm count + 1). (B) Top reactome and
biocarta immune-related pathways for high Cosmc expression versus low expression. (C) Spearman
correlation bubble plot of various immune cells associated with Cosmc gene expression. The signifi-
cance shows the correlation coefficient with a −log10 p-value. Eo (eosinophils), Mast (mast cells), B
(B cells), Neu (neutrophils), NKT (natural killer T cells), MDSC (myeloid-derived suppressor cells),
Mono (monocytes), DC (dendritic cells).
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2.5. COSMC Is Strongly Associated with Stroma Microenvironment

The stromal architecture plays a critical role in GBM tumor growth and sustainability.
To assess Cosmc’s relationship with stromal cells, we first analyzed its association with
stroma using the ESTIMATE method, revealing a positive correlation between Cosmc
expression and the stromal score (Figure 5A). We further examined specific stromal subsets
within the GBM environment. Previous findings by Zarodniuk et al. showed that GBM can
be categorized into two subtypes, based on extracellular matrix (ECM) enrichment, with
high ECM levels correlating with poor immunotherapy response [45]. To explore this, we
assessed ECM pathways enriched in Cosmc using GSEA, which identified several pathways,
including integrin, collagen, proteoglycans, smooth muscle contraction, and adhesion
molecules (Figure 5B). To deepen our understanding of ECM enrichment, we applied
the ECM-high and ECM-low gene signatures defined by Zarodniuk et al., correlating
these with Cosmc expression. Our analysis confirmed that Cosmc is negatively associated
with ECM-low signatures but positively associated with high-ECM signatures (Figure 5C),
suggesting that Cosmc is predominantly linked to a high-ECM environment. In the same
study by Zarodniuk et al., high ECM was shown to enrich for pericytes, smooth muscle
cells (SMCs), and perivascular fibroblasts (P-Fbs) with cancer-associated fibroblast (CAF)
phenotypes, as well as endothelial cells, but not meningeal fibroblasts (M-Fbs). P-Fbs
were particularly associated with poor responses to immune checkpoint inhibitors. Our
correlation analysis indicated a strong association between Cosmc and CAFs, P-Fbs, and
SMCs, while no significant correlation was observed with pericytes, endothelial cells, or
M-Fbs (Figure 5C).
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Figure 5. The association between COSMC with the stroma in GBM. (A) Spearman correlation test
between stroma with Cosmc expression in GBM cohort. (B) The most significant canonical ECM
signaling from GSEA for high Cosmc expression versus low expression, with a p-value shown with
a code color. (C) Spearman correlation bubble plot of various stroma cells associated with Cosmc
expression. CAFs—cancer-associated fibroblasts; P-Fb—perivascular fibroblasts, M-Fb—meningeal
fibroblasts; SMCs—smooth muscle cells; ECM—extracellular matrix, high and low. The significance
shows the correlation coefficient with a −log10 p-value.

Collectively, our findings suggest that Cosmc (Figure 6A) is linked to extensive ECM
remodeling and a distinct distribution of stromal cell types (Figure 6B), highlighting its
association with a high-ECM environment in GBM.
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Figure 6. (A) Functional Cosmc in cells is essential for the proper production of complex O-glycans, 
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Figure 6. (A) Functional Cosmc in cells is essential for the proper production of complex O-glycans,
which include various branched and elongated structures composed of N-acetylgalactosamine
(GalNAc), galactose, sialic acid, N-acetylglucosamine (GlcNAc) and fucose (Fuc), and sometimes
additional monosaccharides. These complex O-glycans play critical roles in the maintenance of
cellular homeostasis. However, a dysfunctional Cosmc/C1GALT1 leads to truncated O-glycans, such
as the Tn and T antigen. The accumulation of these truncated O-glycans disrupts normal cellular
functions and is associated with cancer progression, immune evasion, and poor clinical outcomes.
(B) Cosmc expression was specifically elevated in CD44-positive glioblastoma stem cells (GSCs) and
was associated with a more complex tumor microenvironment, characterized by the presence of
inflammatory (DCs—dendritic cells, Th—T helper cells, NKs—natural killer cells, NKTs—natural
killer T cells), immunosuppressive (MDSCs—myeloid-derived suppressor cells, Treg—T regulatory)
and stromal cells (CAFs—cancer-associated fibroblasts, SMCs—smooth muscle cells). This elevated
expression of Cosmc not only influenced the cellular composition of the TME, but also played a
key role in modulating the extracellular matrix (ECM) architecture. By affecting ECM remodeling,
Cosmc might influence cell adhesion, migration, and invasion, which are critical processes in GBM
progression and therapeutic resistance.

3. Discussion

In this present study, we investigated the potential of O-glycosylation in differentiating
CD133 and CD44 in GBM. The analysis of the GBM-TCGA dataset highlighted O-linked
glycosylation pathways, highlighting the chaperone molecule Cosmc. Among the gene set
of O-linked glycosylation of mucins, Cosmc stands out as a marker associated with aggres-
sive features such as poor prognosis, stemness and mesenchymal stem cell-like phenotype.
Cosmc expression was further associated with immune-related and extracellular matrix
pathways, suggesting its potential as a biomarker for GSC subtypes and a target for new
GBM therapies.
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Cosmc (Core-1 β1,3-galactosyltransferase-specific molecular chaperone) is an essential
chaperone protein that facilitates the proper folding and functioning of the C1GALT1 (core 1
β3-galactosyltransferase or T-synthase enzyme), which is crucial for O-glycan synthesis [26].
O-glycans are carbohydrate structures added to proteins, particularly mucin-type proteins,
affecting their stability, signaling, and recognition by other cellular molecules [46,47].

In the context of cancer, alterations in O-glycosylation patterns are often observed
and are known to influence tumor cell behavior, impacting cell proliferation, migration,
adhesion, and immune evasion [48]. Cosmc dysfunction has been implicated in multiple
cancer types, due to its critical role in maintaining proper glycosylation [25]. When Cosmc
is defective or its expression is downregulated, similar to C1GALT1 [49], it results in
defect O-glycans motifs, including the exposure of Tn (Figure 6A), and sialyl-Tn antigens
(STn), well-known cancer-associated carbohydrate antigens [50]. These antigens, highly
expressed at the surface of cells, make them interesting for histological and phenotypic
target detection of cell changes in cancer [51]. In GBM, the Tn antigen has been found
overexpressed in tumor tissue compared to normal samples [19]. Guan et al. found that
Jacalin, a lectin that binds T antigen, was associated with progression-free survival, and
reflects the corresponding levels of GBM tissues in the serum, making a potential non-
invasive biomarker for GBM detection [52]. Moreover, its aberrant expression can promote
cancer progression by altering cellular adhesion, affecting the tumor microenvironment, and
potentially leading to immune escape. For instance, in carcinoma, Tn antigen expression is
associated with immune inflammatory response, tumor differentiation and invasion [53].
These studies suggested that both immature and mature forms of T antigen modulated
through Cosmc expression can be potentially relevant biomarkers in cancer.

Many studies have shown a significant association between Cosmc expression and
cancer cell proliferation and tumorigenesis. For instance, Cosmc deletion in pancreatic
cancer decreased proliferation, along with apoptosis, while enhancing migratory behavior,
emphasizing the critical role of Cosmc in pancreatic cancer progression [54]. In breast cancer,
Cosmc deficiency impaired tumor growth by disrupting CD44 expression and downstream
MAPK signaling pathways. This effect was reversed upon restoring CD44, indicating the
importance of its O-glycosylated form in maintaining CD44 stability and functionality [55].
Our analysis showed a positive correlation between Cosmc and CD44 expression in GBM,
where Cosmc-enriched groups exhibited downregulation of proliferation-related path-
ways. In colon cancer, Cosmc overexpression promoted invasion and migration through
EMT pathway activation, though independently of aberrant O-glycan accumulation [56].
Meanwhile, Cosmc loss, leading to truncated O-glycans, has been associated with in-
creased invasion, metastasis, and stemness, through upregulation of CD133, CD44, and
EMT-related mesenchymal markers, particularly in pancreatic cancer [57]. These findings
illustrate the versatile role of O-glycosylation and Cosmc across cancer types. In this present
study, we observed elevated Cosmc gene expression in GBM compared to normal brain
tissue, along with enrichment in EMT and mesenchymal stem cell markers, with a stronger
association with CD44 than CD133. However, experimental validation will be needed to
clarify how Cosmc modulation in GSCs may influence CD133 and CD44 expression and
related stemness properties.

The immune system often detects aberrant glycosylation patterns as non-self, poten-
tially triggering immune surveillance and an anti-tumor response [58,59]. For instance,
blocking Tn antigen maturation through genetic modification of Cosmc increases the sus-
ceptibility of breast and pancreatic cancer cells to antibody-dependent cellular cytotoxicity
(ADCC) mediated by NK cells and cytotoxic CD8 T lymphocytes (CTLs) [60]. In GBM,
NK cells play a dual role. High infiltration of cytotoxic NK cells within GBM tumor tissue
can selectively target undifferentiated GSCs expressing elevated CD44, in contrast to cells
with low CD44 expression and more differentiated phenotypes [61]. Simultaneously, NK
cells promote GSC differentiation through the release of IFNγ and TNFα, leading to resis-
tance against NK cell-mediated cytotoxicity [62]. Our data reveal a significant correlation
with NK bright cells; NK subsets with low cytotoxicity but high cytokine production,
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including IFNγ and TNFα [63]. This suggests that NK bright cells, rather than NK dim
cells, may maintain GSC stemness by secreting IFNγ, supporting immune evasion and
tumor persistence.

However, in some cases, altered glycosylation can actively promote immune eva-
sion [64]. Cornelissen et al. demonstrated that CRISPR/Cas9 knockout of Cosmc in
colorectal cancer cells, leading to increased Tn antigen expression, resulted in reduced
cytotoxic CD8+ T cells and an increased presence of immunosuppressive cells, such as
MDSCs. This alteration also enriched pathways related to antigen processing and pre-
sentation [65]. Additionally, Cosmc loss impacts myeloid cell function, as macrophage
galactose-type lectins (MGLs) expressed by DCs and macrophages bind to Tn antigen. In
lung cancer, Cosmc deletion led to Tn antigen upregulation, reprogramming DCs into more
tolerogenic states that promote pro-tumoral cytokine release and immunosuppression [66].
In GBM, overexpression of Tn antigen similarly correlated with an increase in immuno-
suppressive macrophages, both in vivo and in patient tissue samples [19]. Our findings
reveal that Cosmc is associated with immunosuppressive features, showing a strong corre-
lation with MDSCs, macrophages, and DCs, which likely suggests an immunosuppressive
microenvironment in GBM.

The TME in GBM also includes stromal cells that contribute to immunosuppressive
functions. Zarodniuk et al. demonstrated that perivascular fibroblasts in the GBM stroma
are associated with poor prognosis and resistance to immunotherapy, as they facilitate the
recruitment of tumor-associated macrophages (TAMs) and enhance stemness properties
in cancer cells [45]. Their study also identified distinct ECM profiles, classifying GBM
into high- and low-ECM subtypes, with the high-ECM subtype correlating with poorer
outcomes. In GBM, ECM remodeling is crucial for tumor progression, reshaping the
structural and biochemical landscape to promote cancer cell migration, invasion, and
survival [67]. Additionally, Madzharova et al. found that Cosmc inactivation in breast
cell lines led to an increase in Tn antigen, which heightened ECM susceptibility to MMP9-
mediated proteolysis [68]. Collectively, these findings suggest that Cosmc may serve as
a biomarker of aggressiveness, and is supported by our analysis, which shows that an
enrichment of ECM signatures positively correlated with perivascular fibroblast presence.

To provide a balanced perspective, it is essential to highlight the limitations of a bioin-
formatic approach. (i) First, while we utilized the public and comprehensive TCGA-GBM
database, the predictive association between Cosmc and GBM is primarily derived from
publicly available datasets. These datasets may inherently carry biases and discrepancies,
due to variations in sample collection, processing methodologies, cohort demographics,
and GBM molecular and cellular heterogeneity. (ii) Additionally, although CD44 and CD133
are often used as GSC markers, they may not exclusively reflect stem cells, since these
markers can also be expressed by non-GSC populations. (iii) Third, although bioinformatic
analyses provide valuable initial insights for hypothesis generation and can reduce the cost
and time required for research, experimental validation remains crucial. Establishing the
association between Cosmc and GSCs will require techniques such as knockout KO systems,
proteomics, metabolomics, and spatial transcriptomics to verify correlations and under-
stand the role of Cosmc in GBM tumorigenesis. Employing multimodal approaches that
integrate diverse data types, including biomedical and clinical information, will enhance
our understanding of the clinical relevance of Cosmc as a biomarker [69].

Collectively, our bioinformatic findings showed the potential role of Cosmc in GBM,
particularly in differentiating CD44- and CD133-associated stem cell-like populations.
Cosmc emerges as a promising biomarker associated with mesenchymal phenotype, stem-
ness characteristics, and a more aggressive tumor microenvironment in GBM. Although the
bioinformatic methods have evolved as an important tool to accelerate precision oncology,
further experimental validation will be essential to translate the in silico findings on Cosmc
into actionable insights for GBM research and treatment.



Kinases Phosphatases 2024, 2 405

4. Methods
4.1. Data Collection

We downloaded the transcriptome data of the Ivy GBM atlas project (Ivy-GAP)
(n = 270), the Repository of Molecular Brain Neoplasia Data (REMBRANDT) (normal
brain n = 28, GBM n = 219) and Gravendeel dataset (normal brain n = 8, GBM n = 159)
from Gliovis [70]. The datasets GSE85297, GSE34152 and GSE77530 were downloaded
from GEO Omnibus. The GSE85297 dataset represents RNA-sequencing of primary GBM
cultured into tumorospheres and subsequently sorted into CD133− and CD133+ cell pop-
ulations [71]. The GSE34152 dataset contains microarray data from two GBM samples,
sorted based on the CD133 marker [72]. The GSE77530 dataset comprises RNA sequencing
data from 32 GBM patients [73].

4.2. Molecular, Clinical and Tumor Environment Analysis Based on Xena Analysis

The UCSC Xena database [74] is an online tool for visualizing and analyzing multi-
omic and clinical/phenotype data from publicly accessible datasets. Xena was employed
to perform gene set enrichment analysis (GSEA) to identify O-glycosylation signatures in
CD44 and high-CD133 groups. The differently expressed pathways with adj-p < 0.05 and
differential multiplicity Log2FC > 1 were considered significant. We further categorize the
key O-glycosylation gene from the O-linked_glycosylation_of_Mucins sets between CD44
and CD133, using a Venn diagram.

The TCGA-GBM cohort (n = 172) from UCSC Xena was downloaded and utilized to
extract overall survival and progression-free interval, and were plotted as forest plots or
in Kaplan–Meier curves. In addition, the O-glycosylation gene core, and the slow- and
fast-cycling gene expression levels were also extracted.

Additionally, Xena was employed to perform gene set enrichment analysis (GSEA)
to compare stemness-related pathways, the hallmark and canonical pathways between
Cosmc high (n = 86) and low groups (n = 86), using the median expression as cutoff. The
differently expressed pathways with adj-p < 0.05 and differential multiplicity Log2FC > 1
were considered significant.

To assess the correlation between Cosmc expression and PN-GSCs and MES-GSCs
phenotypes, we utilized gene sets from Wang et al., and analyzed the relationship between
Cosmc expression and these specific gene sets. PN-GSCs are defined by MAP2 (Microtubule-
Associated Protein 2), DLL2 (Delta-Like Ligand 2), OLIG2 (Oligodendrocyte Transcription
Factor 2), SOX2 (SRY-Box Transcription Factor 2), FUT4 (Fucosyltransferase 4), and CD133
(Prominin-1), while MES-GSCs are defined by the expression of CD44 (CD44 Antigen),
CHI3L1 (Chitinase-3-Like Protein 1), GFAP (Glial Fibrillary Acidic Protein), HSPA5 (Heat
Shock Protein Family A (Hsp70) Member 5), BMI1 (BMI1 Proto-Oncogene, Polycomb Ring
Finger), and ALDH1A3 (Aldehyde Dehydrogenase 1 Family Member A3) [42].

For immune distribution, we used the “correlation analysis” module in GEPIA to com-
pare the Cosmc gene with immune gene signatures, extracting the correlation coefficients
and p-values. The results were then visualized in a heatmap to display the relationships
between gene set signatures and immune cell infiltration.

4.3. Gene Expression Based on GEPIA Analysis

GEPIA [75] is an online tool that provides gene expression, state/grade, correla-
tion, and survival data based on the TCGA and normal Genotype-Tissue Expression
(GTEx) projects. Normalized gene expression was measured as transcripts per kilo-
base million (TPM) values. The log2 TPM + 1 expression levels of the 14 genes includ-
ing Cosmc (6 genes enriched in the CD44 group and 8 genes from CD133 from the O-
linked_glycosylation_of_Mucins gene set) were compared between GBM and correspond-
ing normal brain tissues from the GTEx database. The gene expression of C1GALT1,
ST3GAL1 and B3NGT3 comparing matched normal brain tissue to GBM was also extracted
from the GEPIA database. Stroma cell gene sets were taken from various studies, and the
correlation between the gene sets, and Cosmc expression, was assessed using the corre-
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lation analysis from Gepia. To identify ECM cell enrichment, we used the expression of
gene sets from Zarodniuk M et al. and evaluated the correlation between Cosmc with
the gene sets, based on GEPIA. The stroma cells included perivascular fibroblasts (P-Fb-
FBLN1, LAMA2), meningeal fibroblasts (M-Fb-SLC4A4, KCNMA1), pericytes (PDGFRB,
COL4A1), smooth muscle cells (SMC; ACTA2), ECM low (CDK5R1, BRSK2), and ECM
high (COL5A2, COL1A2, COL3A1, COL1A1, COL6A3, COL5A1, COL6A2, COL8A1, LAMB1,
LAMC1, POSTN, FN1) [45]. Cancer-associated fibroblasts were identified based on the
expression of six genes (CAFs-ACTA2, FAP, PDPN, DES, THY1, and S100A4) from Jain
et al. [76]. The endothelial signature was identified using the Cell Marker 2.0 with the
following genes: CLDN5, FLT1, A2M, APOLD1, and TM4SF1 [77].

4.4. Estimate Scores

The ESTIMATE platform [78] was used for extracting the immune score, stromal score,
and ESTIMATE score of each TCGA sample (n = 166), and the correlation between GBM
samples and corresponding Cosmc gene expression from Xena was evaluated.

4.5. GSVA Score for Stemness Correlation

A Gene Set Variation Analysis (GSVA) score for a Cosmc and the stem cell gene
sets (NRF2, Integrin3-ITGAV, CXCR4, uPA, uPAR, RUNX1 and PPARG) were extracted to
analyze the correlation between Cosmc and stemness. GSVA is an unsupervised gene set-
enrichment method that calculates enrichment scores for predefined gene sets, representing
various biological processes in individual samples [79]. GSVA scores for each signature
were generated using the Gene Set Cancer Analysis GCVALite webtool [80], and Spearman
correlation was plotted.
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Figure A1. Cosmc is strongly associated with CD44 across several GBM datasets. (A) Spearman 
correlation between normalized log2 gene expression of CD44 and Cosmc in the Ivy Glioblastoma 
Atlas Project (Ivy-GAP). (B) Spearman correlation between normalized log2 gene expression of 
CD133 and Cosmc in the Ivy Glioblastoma Atlas Project (Ivy-GAP). Statistical significance is 
indicated by the p-value. (C) Cosmc gene expression assessed in CD133− and CD133+ CSCs sorted 
using CD133 markers from the GSE85297 dataset. The expression is displayed in transformed 
normalized transcript per millions (TPM). (D) Cosmc gene expression assessed in CD133− and 
CD133+ GBM samples, sorted using CD133 markers from the GSE34152 dataset. (E) Cosmc gene 
expression analyzed in CD133−/CD133+ and CD44−/CD44+ GBM groups, stratified based on the 
median gene expression levels of CD133 and CD44 in the GSE77530 dataset. Statistical analysis 
comparing the two groups was performed using an unpaired Student’s t-test. **** p < 0.0001, NS—
non significant. 
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Figure A1. Cosmc is strongly associated with CD44 across several GBM datasets. (A) Spearman
correlation between normalized log2 gene expression of CD44 and Cosmc in the Ivy Glioblastoma
Atlas Project (Ivy-GAP). (B) Spearman correlation between normalized log2 gene expression of CD133
and Cosmc in the Ivy Glioblastoma Atlas Project (Ivy-GAP). Statistical significance is indicated by
the p-value. (C) Cosmc gene expression assessed in CD133− and CD133+ CSCs sorted using CD133
markers from the GSE85297 dataset. The expression is displayed in transformed normalized transcript
per millions (TPM). (D) Cosmc gene expression assessed in CD133− and CD133+ GBM samples,
sorted using CD133 markers from the GSE34152 dataset. (E) Cosmc gene expression analyzed in
CD133−/CD133+ and CD44−/CD44+ GBM groups, stratified based on the median gene expression
levels of CD133 and CD44 in the GSE77530 dataset. Statistical analysis comparing the two groups
was performed using an unpaired Student’s t-test. **** p < 0.0001, NS—non significant.
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Figure A2. Cosmc is enriched in stemness and mesenchymal-like phenotype across different GBM
datasets. (A) Differential Cosmc gene expression comparing normal brain tissue (red) to GBM sam-
ples (green) in the Rembrandt cohort, using unpaired Student’s t-tests (**** p < 0.001). (B) Differential
Cosmc gene expression comparing normal brain tissue (red) to GBM samples (green) in the Graven-
deel cohort, using unpaired Student’s t-tests (** p < 0.01). (C) Heatmap displaying the Spearman
correlation between the Cosmc with GBM stem cell markers (NRF2, ITGA, CXCR4, uPA, uPAR, PPARG
and RUNX1) in the Rembrandt and Gravendeel cohorts. A statistical test was performed with the
Spearman correlation test, and the significant p value is displayed on the heatmap. **** p < 0.0001,
*** p < 0.001, ** p < 0.01. (D) Heatmap displaying the Spearman correlation between the Cosmc
with GBM slow-cycling genes (G0S2 and CDKN1A) and with fast-cycling genes (CDK2, CCNB1,
and MKI67) in the Rembrandt and Gravendeel cohorts. A statistical test was performed with the
Spearman correlation test, and the significant p value is displayed on the heatmap. **** p < 0.0001,
*** p < 0.001, ** p < 0.01, * p < 0.05. (E) Cosmc gene expression in proneural (PN) and mesenchymal
(MES) subtypes in Rembrandt and Gravendeel cohorts. Statistical analysis comparing the two groups
was performed using an unpaired Student’s t-test. **** p < 0.0001, * p < 0.05.
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74. Goldman, M.J.; Craft, B.; Hastie, M.; Repečka, K.; McDade, F.; Kamath, A.; Banerjee, A.; Luo, Y.; Rogers, D.; Brooks, A.N.; et al.
Visualizing and interpreting cancer genomics data via the Xena platform. Nat. Biotechnol. 2020, 38, 675–678. [CrossRef]

75. Tang, Z.; Li, C.; Kang, B.; Gao, G.; Li, C.; Zhang, Z. GEPIA: A web server for cancer and normal gene expression profiling and
interactive analyses. Nucleic Acids Res. 2017, 45, W98–W102. [CrossRef]

76. Jain, S.; Rick, J.W.; Joshi, R.S.; Beniwal, A.; Spatz, J.; Gill, S.; Chang, A.C.-C.; Choudhary, N.; Nguyen, A.T.; Sudhir, S.; et al.
Single-cell RNA sequencing and spatial transcriptomics reveal cancer-associated fibroblasts in glioblastoma with protumoral
effects. J. Clin. Investig. 2023, 133, e147087. [CrossRef]

77. Hu, C.; Li, T.; Xu, Y.; Zhang, X.; Li, F.; Bai, J.; Chen, J.; Jiang, W.; Yang, K.; Ou, Q.; et al. CellMarker 2.0: An updated database of
manually curated cell markers in human/mouse and web tools based on scRNA-seq data. Nucleic Acids Res. 2023, 51, D870–D876.
[CrossRef]

78. Yoshihara, K.; Shahmoradgoli, M.; Martínez, E.; Vegesna, R.; Kim, H.; Torres-Garcia, W.; Treviño, V.; Shen, H.; Laird, P.W.; Levine,
D.A.; et al. Inferring tumour purity and stromal and immune cell admixture from expression data. Nat. Commun. 2013, 4, 2612.
[CrossRef]

https://doi.org/10.1186/s12943-015-0386-1
https://doi.org/10.2147/CMAR.S234735
https://doi.org/10.1111/jcmm.14740
https://doi.org/10.1111/jcmm.14572
https://doi.org/10.3390/vaccines1020174
https://doi.org/10.1002/1873-3468.14347
https://doi.org/10.1371/annotation/81b54c99-e47f-4128-8aeb-b6b3e8c02562
https://doi.org/10.7150/jca.11527
https://www.ncbi.nlm.nih.gov/pubmed/26284138
https://doi.org/10.1007/s00262-016-1866-x
https://www.ncbi.nlm.nih.gov/pubmed/27439500
https://doi.org/10.1111/j.1365-2567.2008.03027.x
https://www.ncbi.nlm.nih.gov/pubmed/19278419
https://doi.org/10.3389/fonc.2016.00054
https://doi.org/10.3389/fonc.2020.01622
https://doi.org/10.3390/ijms231912047
https://doi.org/10.1016/j.bbcan.2020.188428
https://doi.org/10.1002/pro.5128
https://doi.org/10.3390/biomedicines12081753
https://doi.org/10.1093/neuonc/now247
https://doi.org/10.1038/oncsis.2016.63
https://www.ncbi.nlm.nih.gov/pubmed/27775701
https://doi.org/10.1371/journal.pone.0064169
https://www.ncbi.nlm.nih.gov/pubmed/23734191
https://doi.org/10.1172/jci.insight.85841
https://doi.org/10.1038/s41587-020-0546-8
https://doi.org/10.1093/nar/gkx247
https://doi.org/10.1172/JCI147087
https://doi.org/10.1093/nar/gkac947
https://doi.org/10.1038/ncomms3612


Kinases Phosphatases 2024, 2 412

79. Hänzelmann, S.; Castelo, R.; Guinney, J. GSVA: Gene set variation analysis for microarray and RNA-seq data. BMC Bioinform.
2013, 14, 7. [CrossRef]

80. Liu, C.-J.; Hu, F.-F.; Xia, M.-X.; Han, L.; Zhang, Q.; Guo, A.-Y. GSCALite: A web server for gene set cancer analysis. Bioinformatics
2018, 34, 3771–3772. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1186/1471-2105-14-7
https://doi.org/10.1093/bioinformatics/bty411

	Introduction 
	Results 
	Distinct O-Glycosylation Signatures in CD44 and CD133 Subtypes of GBM Reveal Prognostic Potential of COSMC 
	COSMC-C1GALT1-ST3GAL1 Chain in Glioblastoma Shows Links to CD44 
	COSMC Is Significantly Correlated with Mesenchymal Stem-like Phenotype 
	COSMC Is Significantly Associated with an Inflammatory Immune Environment 
	COSMC Is Strongly Associated with Stroma Microenvironment 

	Discussion 
	Methods 
	Data Collection 
	Molecular, Clinical and Tumor Environment Analysis Based on Xena Analysis 
	Gene Expression Based on GEPIA Analysis 
	Estimate Scores 
	GSVA Score for Stemness Correlation 

	Appendix A
	References

