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We have recently demonstrated that Notch pathway blockade by y-secretase inhibitor (GSI)
depletes cancer stem cells (CSCs) in Glioblastoma Multiforme (GBM) through reduced prolif-
eration and induced apoptosis. However, the detailed mechanism by which the manipulation of
Notch signal induces alterations on post-translational modifications such as glycosylation has not
been investigated. Herein, we present a differential profiling work to detect the change of
glycosylation pattern upon drug treatment in GBM CSCs. Rapid screening of differential cell
surface glycan structures has been performed by lectin microarray on live cells followed by the
detection of N-linked glycoproteins from cell lysates using multi-lectin chromatography and label-
free quantitative mass spectrometry analysis. A total of 51 and 52 glycoproteins were identified in
the CSC- and GSl-treated groups, respectively, filtered by a combination of decoy database
searching and Trans-Proteomic Pipeline (TPP) processing. Although no significant changes were
detected from the lectin microarray experiment, 7 differentially expressed glycoproteins with high
confidence were captured after the multi-lectin column including key enzymes involved in glycan
processing. Functional annotations of the altered glycoproteins suggest a phenotype transfor- Lﬂ

mation of CSCs toward a less tumorigenic form upon GSI treatment. .
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1 Introduction proposed [1-5]. Notch signaling has been demonstrated as one
of the most important molecular mechanisms responsible for
CSC properties and we and others have shown that knockdown

of this pathway by vy-secretase inhibitor (GSI) results in atte-

The existence of cancer stem cells (CSCs) including in human
brain tumors and the implications of promising new therapies

that target this small subset of cells have been recently
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nuated propagation potential of CSCs in Glioblastoma Multi-
forme (GBM) [6-9], which is the most aggressive class of brain
tumors. GSI suppresses signal transduction in Notch signaling
by blocking the proteolytic step critical for releasing the func-
tional intracellular domain of Notch receptor. However, little is
known about the effect on the alteration of glycosylation upon
the blockade of Notch signals. Glycoproteins play a critical role
in cell-cell recognition events and glycosylation changes have
been related to malignant transformation and tumor propaga-
tion. Besides the extensively studied role of phosphorylation
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cascade in Notch signaling, carbohydrate modification has also
been shown as an essential regulation mechanism such as the
modulation role of O-fucose glycans in Notch receptor function
[10-12] and the tight correlation between N-glycosylation
and stabilization of Nicastrin which is a component of the
v-secretase complex [13]. Therefore, it is important to study the
changes of glycosylation patterns upon Notch pathway blockade
by GSI in GBM in order to better understand the effects of
drug treatment.

For the identification of glycoproteins, it is desirable to
perform an enrichment step prior to downstream liquid
chromatography (LC) coupled mass spectrometry (MS) analy-
sis. The isolation of glycoprotein/glycopeptides is mainly
implemented by hydrazide chemistry [14, 15] or affinity
capture based on the recognition of different lectins to parti-
cular sugar moieties [16] or the combination of both [17].
Lectin-based affinity enrichment on the protein level facilitates
potentially multiple glycosylation sites so as to strengthen the
relatively weak non-covalent bindings. In addition to the use of
a single lectin to capture a particular form of glycan structure,
multi-lectin chromatography using lectins with broad specifi-
cities has been applied to analyze glycomes in different
biological samples [18-21]. In our work, we have utilized three
agarose-bound lectins: Concanavalin A (ConA), Wheat Germ
Agglutinin (WGA) and Sambucus nigra Agglutinin (SNA) to
produce a broad enrichment of N-linked glycoproteins simul-
taneously. Another technology for rapid screening of differ-
ential glycan structures lies in the development of the lectin
microarray, where a large number of lectins are immobilized
on a slide to profile the glycoproteins from cell lysates [22] or to
obtain cell surface glycan signatures from live cells [23]. Our
group has previously demonstrated the feasibility of coupling
lectin microarrays for profiling live cells with LC-MS to identify
cell surface glycoprotein markers [24].

In the present study, we have employed different strategies
to target cell surface glycoproteins and intracellular membrane
glycoproteins separately. The profiling of differential cell
surface glycan structures has been performed by a fluorescent-
assisted lectin microarray with a panel of 16 lectins. A larger
scale profiling of N-linked glycoproteins from the soluble
fraction of cell lysates has been performed by coupling multi-
lectin chromatography with a label-free quantitative MS
method. A selective list of differentially expressed glycoproteins
following drug treatment has been found and the functional
relevance of the altered glycosylation patterns has also been
inferred and discussed to interpret the biological implications
of our findings.

2 Materials and methods
2.1 Cell culture and treatment
GBM neurosphere cultures were obtained from the labora-

tory of Dr. Fan and maintained in Neurocult medium
(Stem Cell Technologies, Vancouver, BC, Canada, http://
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www.stemcell.com) supplemented with epidermal growth
factor (10 ng/mL) and fibroblast growth factor (10 ng/mL) as
previously described [7, 25]. The GBM neurosphere cultures
possess the critical properties of neural stem cells including
self-renewal and multilineage differentiation [25] and have
been widely used in previous investigations [7-9]. Treatment
studies were performed by growing cells in Neurocult
medium overnight and replacing the next morning with
medium containing GSI (Compound E, EMD Chemicals,
Gibbstown) dissolved in dimethyl sulfoxide (DMSO) at
1 uM.

2.2 Lectin microarray

Sixteen lectins were utilized for the detection of differential
cell surface glycan structures as previously described [24].
The carbohydrate specificities of these lectins are listed in
Supporting Information 1. Briefly, each lectin was dissolved
in PBS buffer to a concentration of 1 mg/mL and printed in
three replicates on a SuperAmine slide (Arrayit, Sunnyvale,
CA, USA) using a piezoelectric noncontact printer (Nano
plotter; GeSiM, Germany). The slide was incubated in a
humidity-controlled incubator (>45% humidity) overnight
to allow lectin immobilization. After incubation, the slide
was blocked with 1% BSA in PBS (pH 7.4) for 1h. Fresh
GBM CSCs and GSI-treated cells were labeled with 10 uM
CFSE cell-tracing dye (Invitrogen, Carlsbad, CA, USA). The
labeling procedure follows manufacture’s protocol. Gener-
ally, cells were washed with PBS thrice and reconstituted in
200 uL PBS. Nearly, 1.2 uL CFSE dye dissolved in DMSO
was added and incubated at room temperature in dark for
15min with agitation. Finally, cells were collected by
centrifuging at 1500 x g for 5min and reconstituted in
0.5mM CaCl, and 1% BSA in PBS. Then, the labeled cells
were incubated with lectin slides at room temperature for
40 min in darkness. After being washed with PBS for 5 min,
the slides were air-dried and scanned with a microarray
scanner (Genepix 4000A; Axon). Genepix 6.0 software was
used to align microarray spots and extract the fluorescent
intensity information of each spot which was further
recorded in Microsoft Excel. The cell surface glycan
expression was compared between non-treated CSCs and
GSl-treated cells based on the average fluorescent intensity
value of three spots for each cell group. Student’s t-test was
used to determine the statistical significance of differences
between the two cell groups.

2.3 Protein extraction

Cell pellets were resuspended in 1mL of lysis buffer (1%
octyl-B-p-glucopyranoside, 150mM NaCl and 1% protease
inhibitor mixture (Sigma-Aldrich) in 20mM Tris-HCl, pH
7.4) and homogenized with 60 strokes in a Dounce glass
homogenizer with a tight-fitting pestle on ice. The cell lysate
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was the centrifuged at 40000 x g for 30 min at 4°C. Protein
concentration from the supernatant was determined by
Micro BCA™ Protein Assay Kit (Pierce/Thermo Scientific,
Rockford, USA).

2.4 Multi-lectin affinity chromatography

A single Pierce disposable column was gravity-packed with
1.5mL of agarose-bound ConA, WGA and SNA at 1:1:1
v/v/v for individual samples from each biological replicate.
The column was first equilibrated with 10 volume of bind-
ing buffer (20mM Tris-HCl, Ph 7.4, 150mM NaCl, 1mM
MgCl,, 1mM CaCl,, and 1mM MnCl). Cell lysates
containing 1mg protein were diluted four times with
binding buffer and passed through the column twice. The
column was then washed with 4 volumes of binding buffer
and eluted with 4 volumes of elution buffer (0.2 M methyl-a-
p-mannopyronoside, 0.2M N-acetyl-D-glucosamine, 0.2M
p-lactose and 0.5M NaCl in 20 mM Tris pH 7.4). The eluent
was buffer exchanged with 50mM Ammonia Bicarbonate
and concentrated by Microcon YM-10 centrifugal filter
devices (10k MWCO) at a final volume of 200 pL.

2.5 Online nano-RPLC and LTQ mass spectrometry

Trypsin digestion was performed by the same protocol
described in our previous study [26] prior to online-RPLC
(Paradigm MG4 micropump system, Michrom Biosciences,
Auburn, CA, USA) connected to an LTQ mass spectrometer
(Thermo Finnigan, San Jose, CA, USA). Tryptic digests
were reconstituted in 100 pL of 5% ACN and 0.3% FA and
introduced into an RPLC nano column (3 pm x 200A,
0.1mm x 150mm, C18 AQ particles, Michrom) after a
desalting nano trap (300 x 50mm) (Michrom) with each
injection of 20 pL. Each injection to MS analysis from the
control and the GSI-treated group is referred to as a tech-
nical replicate in the following text. A 2-h linear gradient
with 150min from 5 to 40% ACN, 15min from 5 to 80%
ACN and another 15min for equilibrium to 5% ACN was
used. The remaining LTQ parameters are the same as
previously described [27].

2.6 Database searching and data processing

MS/MS spectra were searched against Uniprot database
using SEQUEST embedded in Proteome Discoverer
(version 1.1.0.263). Searching parameters were specified as
follows: (i) Fixed modification: carbamidomethylation of Cys
residue with a mass shift of 57.02 Da; (ii) variable modifi-
cation: oxidation of Met residue with a mass shift of
15.99Da; (iii) two missed cleavage sites were allowed;
(iv) peptide ion mass tolerance: 1.4 Da; (v) fragment ion
mass tolerance: 1.0 Da; (vi) peptide charges +1, +2 and +3.
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Searching results were further uploaded to Scaffold (V.2.0)
as msf format. Dual filtering criteria for protein identifica-
tion were employed by combining FDR test from target-
decoy database search with a cutoff p-value <0.05 and
protein/peptide confidence above 95% probability with a
minimum of two unique peptides per protein from Trans-
Proteomic Pipeline (TPP) built in Scaffold. To be noted,
employing either target-decoy database searching or TPP
alone to filter protein identifications is commonly accepted.
Thus, a combination of these two validation strategies
represents a more stringent filtering criterion and further
increases the identification confidence. Glycoproteins were
then confirmed by searching against the post-translational
modification annotation in Uniprot database. Spectral
counts were parsed out and normalized by a global
normalization method by setting the total sum spectral
counts the same for all identified proteins in each technical
run.

2.7 Western blot

Western Blot was performed essentially as previously
described [26]. Briefly, 20ug of total proteins from each
sample were separated by 4-20% SDS-PAGE and then
transferred to PVDF membranes (Bio-Rad, CA, USA). After
being blocked for 2h, the membranes were incubated with
antibodies including mouse monoclonal anti-BGAL, mouse
polyclonal anti-P4HA1, rabbit polyclonal anti-GANAB,
mouse monoclonal anti-beta Actin (Abcam, Cambridge, CA,
USA), mouse monoclonal anti-CATD (BD Transduction
Laboratories, Lexington, KY, USA) and, mouse monoclonal
anti-THY1 (Abnova, Taibei, China) overnight. After washing
thrice, the membranes were incubated with HRP-conju-
gated goat anti-rabbit or anti-mouse IgG (H+L) for 1h. The
blots were visualized with DAB stain (Vector Laboratory, W1,
USA).

3 Results

3.1 Detection of surface glycoproteins by lectin
microarray

To probe differential cell surface glycan structures, a panel
of 16 lectins covering a wide range of binding specificities to
different sugar moieties were printed on the slides and
incubated with fluorescent-labeled live cells from the CSCs
or GSl-treated group. A selection of these 16 lectins has
been demonstrated to be useful in distinguishing glycosy-
lation pattern changes using protein microarray in our
previous work [28]. However, no significant intensity chan-
ges were detected as a function of the differential expression
of cell surface glycans between these two groups. The
detailed results can be found in Supporting Information 2.
This indicates that the total amount of cell surface
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glycoproteins is not significantly altered after GSI treatment
from a macro level point of view, although individual
changes may be masked.

3.2 Profiling of intracellular glycoproteins by
multi-lectin chromatography

The aforementioned negative results suggest a need for
differential glycoprotein profilings on a larger scale. Thus,
three widely used lectins (ConA, WGA and SNA) with major
binding specificities towards o-linked mannose, N-acetyl-
glucosamine and sialic acid-type structures were combined
to enrich intracellular glycoproteins from the CSCs or GSI-
treated group. While these lectins often recognize a range of
carbohydrate structures, this multi-lectin enrichment strat-
egy has been demonstrated to yield more complete capture
of glycoproteins when compared with the use of a single
lectin [19]. As shown in Fig. 1, each batch of CSCs or GSI-
treated sample were processed in the same way via multi-
lectin chromatography and analyzed by LC-MS/MS in
triplicates. The whole cell lysates were adjusted to the same
amount (1 mg) for each biological replicate of each sample
prior to lectin enrichment and 10% of the eluent was
introduced to the LC-MS/MS for each technical replicate.
Supporting Information 3 and 4 list the information of
proteins (FDR <0.05) identified from CSCs and GSl-treated
cells, respectively. The dual filtering criteria by combining
the threshold of FDR <0.05 from decoy database search and
peptide and protein confidence probability >95% from TPP
generated a total of 51 and 52 glycoprotein identifications for
the CSC group and the GSI-treated group, respectively. We
also compared the number of glycoprotein identifications by
using a single FDR <0.01 alone. The number increased
from 51 to 88 for the CSC group. This result is comparable to
a similar study in our group where 73 glycoproteins were
identified by using a different combination of lectins (ConA,
WGA and PNA) for the same CSC group at FDR <0.01 [28].
Forty-seven glycoproteins were shared in common between
these two studies and the remainder of the unique identifi-
cations may be due to the different glycan-binding specificity
of the different lectin (SNA versus PNA) used in each study.

Student’s t-test was then used to capture the differentially
expressed glycoproteins for each pair of biological replicates
with a threshold p-value <0.05. Each treatment is essentially a
split of the control group and then treated with GSI, thus, the
differences resulting from the treatment effect as opposed to
biological variance are more truly reflected when compared
within each pair than across all pairs. Supporting Information
5 lists all the differential identifications from each pair-wise
comparison. The differential expression of a protein is
accepted when it has a p-value <0.05 at least two times out of
the three pairs of comparisons and the direction of the
changes should be consistent. This results in a total of seven
differentially expressed glycoproteins after GSI treatment as
listed in Table 1: B-galactosidase (BGAL), Calumenin (CALU),

© 2011 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Glycoprotein Enrichment via
Multi-lectin Chromatography

Trypsin Digestion |
!

Split for 3 RPLCHTQ Runs

v

Glycoprotein identification Criteria:z
1. FDR<0.05 from target-decoy database search
2. Peptide and protein > 95% probability from TPP
3. A minimum of two unique peptides per protein
4. Demonstrated glycosylation reports from Uniprot Database

4

Student T-test for Each Pair:
csc(1,2,3) vs GSHreated(1,2,3)

Figure 1. Experimental workflow.

Deoxyribonuclease-2-o. (DNS2A), Neural o-glucosidase AB
(GANAB), Hypoxia up-regulated proteinl (HYOUI), Prolyl
4-hydroxylase subunit o-1 (P4HA1) and Serotransferrin
(TRFE). Reproducibility of the label-free quantification data is
also evaluated based on the average CV of the spectral counts
across all differential expressions between technical replicates
and biological replicates. The average CV across all technical
replicates and biological replicates for CSC- and GSlI-treated
samples are 21 and 26%, respectively. Such information can
also be found in Supporting Information 5.

To compare the enrichment efficiency, a fraction of the
whole cell lysates from the third batch was processed in the
same manner excluding the step of multi-lectin chromato-
graphy and it was analyzed by LC-MS/MS in triplicate with
each injection of ~1 pg. Figure 2 illustrates a comparison of
the spectral counts assigned to each highly confident
glycoprotein before and after multi-lectin chromatography
(Note: DNS2A is not detected from batch 3.). The averaged
spectral counts for each glycoprotein are significantly
increased up to 17-fold after the enrichment. Protein
disulfide-isomerase (PDIA) shown in the bottom of this
graph is not a glycoprotein; however, binding of PAHA1 and
PDIA has been previously reported [29]. Thus, the increase
in PDIA after enrichment is expected as a consequence of
protein—protein interaction.

3.3 Verification of differential expression by
Western blot

Five of the differentially expressed glycoproteins were
selected for verification by Western Blot: GANAB, BGAL,
P4HA1, Cathepsin D (CATD) and CD90 (THY1). The
Western blot result of these proteins can be found in
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Table 1. Differentially expressed glycoproteins

4025

Protein Entrez gene name Location Batch-1 Batch-2 Batch-3
BGAL_HUMAN Galactosidase, B 1 Cytoplasm, Lysosome 0.0022 N/A 0.0139
CALU_HUMAN Calumenin ER, secreted N/A 0.0352 0.0154
DNS2A_HUMAN Deoxyribonuclease Il, lysosomal Lysosome 0.0036 0.0213 N/A
GANAB_HUMAN Glucosidase, o; neutral AB ER, Golgi 0.0006 N/A 0.0010
HYOU1_HUMAN Hypoxia up-regulated 1 ER 0.0341 N/A 0.0169
P4HA1_HUMAN Prolyl 4-hydroxylase, o polypeptide 1 ER N/A 0.0225 0.0297
TRFE_HUMAN Transferrin Secreted 0.0080 N/A 0.0441

Three pairs of Student’s t-test are performed on the three biological replicates with a total of 9 technical replicates for each sample.
p-Values <0.05 at least two times out of the three pairs of comparisons are accepted.

- |_

CALLY

T T T 1
o 0 Al &0 &0 1083 120 140

Figure 2. Comparison of protein expression level before (red
bars) and after enrichment (blue bars). The horizontal axis
represents spectral counts for each protein with error bars
calculated in terms of standard error.

Supporting Information 6. The expression levels of the first
four proteins are down-regulated after GSI treatment,
whereas THY1 exhibits increased expression. The inten-
sities of the bands are not quantitative results to compare
the expression levels across different proteins. However, the
lowest intensity detected for THY1 correlates well with the
label-free MS results where this protein is assigned with
the least spectral counts compared with others.

3.4 Protein—protein interaction network

The functional relevance of the differentially expressed
glycoproteins was searched against the STRING database,
which enables public access to retrieve protein—protein
interactions [30]. Nine glycoproteins are functionally linked
to each other with medium to high confidence as displayed
in Fig. 3. They are grouped according to their sub-cellular
localizations and the thickness of an edge positively corre-
lates with the level of association. The links between CTSD,
GLB1, CTSA, HEXA and HEXB are of high confidence
possibly due to their co-localization in the lysosome
compartment. The strongest association is assigned between
GLB1 and CTSA which have been demonstrated to interact
to form the lysosomal multienzyme complex [31].

© 2011 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Figure 3. Protein-protein interaction network generated by
STRING. Each node represents a protein and each edge repre-
sents an interaction in between. A thicker line indicates stronger
association.

4 Discussion

There is no significant pattern difference detected from surface
glycoproteins between the drug treated and non-treated cells
using the lectin microarray. In this experiment, whole cells
instead of individual proteins are incubated with immobilized
lectins. Thus, the signal is determined by an overall contri-
bution from surface glycoproteins rather than individual
proteins. The method itself is sensitive and specific if there is a
pattern difference [22-24, 28]. However, the method cannot
distinguish a difference at the individual protein level. It is not
surprising that these two samples show no overall pattern
difference. The treatment of GSI may not induce a significant
difference on surface glycoproteins that can be detected by
this method. We have therefore analyzed the intracellular
glycoprotein levels using MS which will be sensitive to small
differences in protein content.

Among the five differentially expressed glycoproteins
validated by Western blot, GANAB is the a-subunit of an
important ER-resident enzyme glucosidase II which
sequentially cleaves inner o-1,3-linked glucose residues [32]

www.proteomics-journal.com
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and it has been previously reported to be purified by ConA
[33]. The decreased expression after GSI treatment may
suggest altered glycan processing effects on the maturation
of glycoproteins. BGAL is an essential enzyme that catalyzes
the hydrolysis of B-galactosides into monosaccharides. A
previous report shows it can be purified from either a ConA
or WGA lectin column [34]. The potential role in GBM CSCs
remains unknown.

P4HA1 is another key enzyme in collagen synthesis
which catalyzes the formation of 4-hydroxyproline and it
exhibits binding to ConA. Decreased PAHA1 expression has
been observed after knocking down its transcriptional
regulator hypoxia-induced-factor 1-alpha(H1F-1a) in GBM
CSCs [35]. In addition, the translocation of H1F-1a to bind
Notch ICD and the convergence required to maintain stem
cell properties have been proposed [36]. Therefore, the
similar down-regulated pattern of P4HA1 after GSI treat-
ment may be due to the blockade of Notch and the reduced
level of Notch ICD.

CATD which is an essential lysosomal aspartyl endo-
peptidase is also detected to be down-regulated after treat-
ment. It has been reported that the N-linked oligosaccharide
chains consist of a cluster of mannose 6-sulfate residues [37]
enabling the purification of this protein by ConA [38]. Over-
expression of CATD stimulates breast cancer tumorigenicity
and metastasis [39]. It has been reported to play an essential
role at multiple breast cancer progression steps by promot-
ing cell proliferation and angiogenesis via inhibition of
tumor apoptosis [40]. Therefore, the reduced level of CATD
after treatment may suggest a transformation of the
phenotype towards a less tumorigenic form. This hypothesis
is also in line with the detection of increased THY1 (also
known as CD90) after treatment which points to the same
inference. THY1 is a heavily N-glycosylated cell surface
antigen with ConA-binding sites [41]. Previous studies
proposed that THY1 is a putative tumor suppressor gene in
ovarian cancer [42, 43] and nasopharyngeal carcinoma [44].
The protein expression level was found to be exclusively in
the non-tumorigenic models as compared to their tumori-
genic counterparts [42—44].

Three of the five proteins mentioned above are selected
based on the criteria we described. The other two proteins
(CATD and THY1) are selected because they represent
interesting biological relevance although they do not appear
to be statistically different according to our selection criteria.
Also, there is no simple robust statistical test currently
available for our case which represents a hierarchical data
structure. One of the few would be the Generalized Linear
Mixed Effects Model (GLMM) [45] which can be used to
handle such a hierarchical data structure. Future efforts are
needed to fit the data with GLMM to distinguish between
the true group difference and the noise from technical/
biological variance.

In addition to N-linked glycosylated proteins, non-glyco-
proteins were also detected by MS analysis after glycoprotein
enrichment. The identifications of non-glycosylated

© 2011 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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proteins are mainly due to protein—protein interactions.
Totally, 1% octyl-B-p-glucopyranoside used as the
detergent in the lysis is considered to be a mild MS
compatible surfactant [46] which may not disrupt strong
bindings between proteins. For example, Ribophorin 1 is a
glycoprotein detected with reduced expression level after
treatment. A non-glycosylated protein Ubiqilin 4 is also
detected with reduced level possibly due to its demonstrated
binding to Ribophorin 1 [47]. The elution of a larger protein
complex resulting from co-precipitation occurs in the case
where the glycoprotein P4HA1 is the primary target. PAHA1
binds to PDIA exhibiting direct interaction with 1433G [48]
which further binds to three other proteins. Future
improvements on optimizing the lysis buffer or washing
conditions will be beneficial to reduce the number of off-
target identifications. Also, the incorporation of isotope
labeling by inducing a larger mass shift that can be recog-
nized by the mass spectrometer will be helpful to discover
novel glycosylation sites.

In conclusion, in this work we investigate the alteration
of glycosylation pattern upon treatment of GSI in GBM
CSCs. We have utilized a combination of lectin microarray
and muti-lectin chromatography coupled RPLC-MS analysis
to target cell surface glycoproteins and glycoproteins from
cell lysates, respectively. While no significant changes have
been detected from microarray screening, several differen-
tially expressed intracellular membrane proteins and plasma
membrane proteins were captured by the multi-lectin
enrichment approach. The finding of down-regulation of
GANAB and BGAL may suggest an altered glycan proces-
sing while reduced level of CATD and increased expression
of THY1 may imply attenuated proliferation and elevated
apoptosis upon GSI treatment. Future improvements may
involve the optimization of detergent condition and incor-
poration of isotope labeling to increase the percentage of
glycoprotein identifications. Overall, our study provides
information regarding the influence of GSI treatment on
glycosylation in GBM CSCs which may lead to an improved
understanding of drug mechanism.
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