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Abstract: Glioma is the world’s commonest primary brain malignancy with much of its biology relating to transla-
tional and post-translational events still unknown. In this study, we investigated the clinicopathological significance
of N-linked B1-6-GIcNAc branches and GnT-V enzyme in the development and progression of astrocytic glioma.
Expression of GnT-V and its GIcNAc-B1-6 oligosaccharides by-product together with Con-A binding sugars were as-
sessed immunohistochemically on tissue microarrays of 16 normal brain and 159 tissue samples of astrocytomas
of variable grades and histology. Although tissues of both grade | astrocytomas and normal brain showed consider-
ably higher GnT-V expression, GIcNAc-B1-6 expression was significantly high only in tissues of grade | astrocytomas
(p < 0.001), which is attributable to elevated levels of the precursor Con-A binding sugar moieties (p < 0.001). The
activity of GnT-V enzyme was found to be dependent on the degree of glioma pathogenesis, as the GIcNAc-31-6
branched expression diminished with every progressive grade of glioma, reaching minimum in glioblastoma (p <
0.001). Having biphasic activity in gliomagenesis, the role of GnT-V in glioma was deciphered by generating different
ectopic GnT-V expressions in U-87 cells, which showed the highest GnT-V expression among selected glioma cell
lines. Transient GnT-V rescue was achieved in knockdown clones by transfection with GnT-V expression vector. Sup-
pression of GnT-V in U-87 cells slowed cell proliferation with GO/G1 cell cycle phase arrest. Reduced tumorigenicity,
invasiveness and cell-ECM interactions were also associated with suppressed in vitro GnT-V activity suggesting GnT-
V may act as an oncoprotein. We report for the first time that GnT-V products are involved in early gliomagenesis
but their reduced expression, correlating with low Con-A binding sugars level found in high tumor grades predicts
the loss of total N-glycosylation in glioma development and may be of potential diagnostic and/or prognostic value
in astrocytoma.

Keywords: N-Acetylglucosaminyltransferase V (GnT-V), GIcNAc-B1-6 linkage, Con-A (Concanavalin A), astrocytic
glioma, early gliomagenesis

Introduction

Biochemical changes in carbohydrate portion
of proteins and lipids are hallmarks of tumor
progression and neoplastic transformation [1].
Comparative studies of Asparagine linked
(N-linked) oligosaccharides in transformed
cells from normal cells reveal an increase of tri
and tetra antennary complex type glycan, con-
taining N-acetylglucosamine (beta 1,6) man-
nose (GlcNAc-B1-6 man) linkages [2, 3]. These

tumor associated glycans often arises from the
changes in the expression of glycosyltransfer-
ase residing in Golgi compartments [4]. One of
the highly expressed glycosyltransferase in
tumors, N-acetyl glucosamine glycosyltransfer-
ase (GIcNAc-T-V or GnT-V), encoded by the
MGAT5 gene, is involved in the synthesis of
GIcNAc-B1-6-Man linkage on N-glycans in medi-
an Golgi [2, B]. GnT-V catalyzes the sugar asso-
ciated with transformation and malignancy, and
is therefore an important glycosyltransferase
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attracting extensive studies in attempt to eluci-
date the mechanisms underlying its involve-
ment in many different cancers.

High expression of GnT-V is associated with
poor clinical outcomes of gastric, colorectal
and endometrial cancers [6-8]. Several proto-
oncoproteins including ETS and c¢c-MYB have
their binding sites on the promoter region of
MGAT5 [9], whose transcription can also be
induced by several oncogenes including Her2/
neu, H-rasandv-sis/PDGF[10, 11]. Interestingly,
high expression of this enzyme has been
reported to be associated with good prognosis
in bladder cancer [12] and non-small cell lung
carcinoma [13]. In 2000, Yamamoto et al.
showed the association of B1-6-GIcNAc branch-
ing with glioma invasion [14] while Taniguchi’'s
group [15] found high expression of MGAT5 to
favor the survival of neuroblastoma patients,
presumably by escaping PARP cleavage-
induced apoptosis. The functional diversity of
the GnT-V enzyme is underpinned by its gene’s
sequence which employs multiple promoter
systems for its transcription [9] rendering it
prone to control and influence of several cell
signalling pathways. The expression and activi-
ty of GnT-V is also known to be tissue specific.
Whereas its expression is elevated in high
grade mucinous types of ovarian tumors, non-
mucinous types of epithelial ovarian tumors
showed lower expression compared to benign
and borderline tumors [16]. It is also known
that optimum decoration of GIcNAc-B1-6
branches is required for change in adhesive
properties of cells, Guo and colleagues in 2002
reported that, HT1080 transfected clones with
intermediate levels of GnT-V overexpression
exhibited greater alteration in their adhesion
properties compared to that of clones with
higher levels of GnT-V overexpression.

In view of the multi-functional involvement of
GnT-V in different cancers, we hypothesize that
GnT-V and its product may play a crucial role in
gliomagenesis. Gliomas are the most common
subtypes of primary brain tumors derived from
glial cells and commonly found in the anterior
cerebral hemisphere [17]. Unlike other solid
tumors, gliomas rarely metastasize outside the
CNS but are neurologically destructive, highly
invasive and considered among the most lethal
human carcinomas [18]. Patients with glioblas-
tomas (GBM), the most aggressive manifesta-
tion of astrocytic glioma, have a median sur-
vival of 12 months. In spite of satisfactory
advancement in treatment and increasing
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understanding of glioma biology at the molecu-
lar level, little has changed in the outcome for
patients with the disease.

In this study we have examined the expression
of GnT-V in different astrocytic glioma grades
and found an unfamiliar correlation. We found
that GnT-V expression and its product B1-6-
GIcNAc branches are positively correlated in
the early stage gliomas while their expression
decreased with glioma progression and
reached lowest levels in glioblastoma. We fur-
ther studied the in vitro functional behaviours
of the enzyme and its product in tumorigenesis
and gliomagenesis

Materials and methods
Cell lines and cell culture

U-87 MG and U-251 MG cell lines were kindly
provided by Dr Jianhai Jiang (Fudan University,
Shanghai, China); year 2012. U-118 MG glioma
cell line was purchased from Chinese Academy
of Sciences Committee on Type Culture
Collection Cell Bank, Shanghai Institutes for
Biological Sciences in 2012. GnT-V/shRNA and
Mock as control were established from U-87
cells. All experiments were performed within 10
passages. U-87 MG cell line was checked for
authentication by STR analysis. Cells were cul-
tured at 37°C, 5% CO2 and routinely maintained
in DMEM (Gibco) with 10% fetal bovine serum
(FBS) and 0.5% penicillin and streptomycin
(Beyotime, China).

RNA extraction and semi-quantitative RT-PCR

Total RNA was prepared with RNAiso Plus
(Takara, Dalian, China), and treated with DNase
1 (AMPD1 Sigma). cDNA was synthesized
from 2 pg total RNA using M-MLV, (AccuPower
RT PreMix, Bioneer). Gene expression was
quantified by rTaq (Takara, Dalian, China). The
primer pair specific for GnT-V (forward, 5-
GCAATGGCTCTCTTCACTCC-3’ and reverse, 5'-
GCTGTCATGACTCCAGCGTA-3’) and B-actin (for-
ward, 5’ GGAGTCCTGTGGCATCCACG-3’ and re-
verse 5-CTAGAAGCATTTGCGGTGGA-3’) were
used. PCR products were separated on 1.5%
agarose gel and band intensities were mea-
sured by Gel ProAnalyzer software.

Western blot assay
Protein concentration in the lysates was deter-

mined by BCA kit (KeyGen Biotech, China).
Equal amounts of proteins were separated by
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10% SDS-PAGE and transferred onto nitrocel-
lulose membrane. The membrane was blocked
with 5% skim milk (BD Difco) overnight in TBST
at 4°C, then probed with mouse anti-GnT-V
monoclonal antibody (Abnova), and rabbit anti-
GAPDH (Bio world) at room temperature for
three hours. Membranes were incubated for 30
minutes with the appropriate peroxidase-conju-
gated secondary antibodies. Bands on the
membranes were visualized using ECL kit (GE
healthcare).

Lectin flow cytometry

Cells were harvested using non enzymatic cell
dissociation solution (M&C gene technology),
and permeabilized by 0.1% triton X-100 for 7
minutes at room temperature. Direct immuno-
fluorescence flow cytometry, was performed by
incubating 1 x 10° cells with 3 ug/ml of FITC
labelled PHA-L lectin (vector) in 3% BSA at 4°C
for 30 minutes. The cells were finally washed
and suspended in 500 ul of ice cold PBS. In the
indirect flow cytometry, prior to the incubation
with primary antibody, cells were blocked with
3% BSA, and 1.5 x 10° cells were incubated
with 1.5 ug/ml of biotinylated PHA-L (vector).
APC streptavidin (Biolegend) of final concentra-
tion of 1:500 was used, and incubated for 20
minutes at room temperature in the dark. Cells
were suspended in cold PBS for final analysis
after washing with 1% BSA. All the centrifuga-
tions were done at 1500 rpm for 4 minutes
each. Fluorescent analyses were performed
using a FACSCalibur (Becton Dickinson). Only
live cells were established as gates. Unstained
cells served as controls for direct flow cytome-
try and cells stained with only conjugated APC
streptavidin acted as a control in indirect flow
cytometry.

Construction of ShRNA & generation of differ-
ent ectopic GnT-V expressions in U-87

Short hairpin interfering oligonucleotides
specific for GnT-V with nucleotide sequen-
ce 5-GCATGATGCTTCTGCACTTCA-3’ was pur-
chased from the GenePharma (Shanghai,
China). Oligonucleotides were annealed and
then ligated into pLL3.7 vector (Invitrogen). To
obtain the lentiviruses, packaging plasmids
were transfected simultaneously with our con-
structed plasmid (pLL3.7-shRNA GnT-V) into
human embryonic kidney 293T cells using
Lipiofectamine2000  transfection  reagent
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(Invitrogen). Mock vector controls were gener-
ated using only the empty pLL3.7 vector simi-
larly packaged as in the above. Lentiviruses
were transduced in U-87 cells in the presence
of 8 ug/ml Polyberene (Sigma). Stable shRNA/
GnT-V and the control mock cell lines were
established by the single cell dilution method.
Wild type GnT-V and GnT-V/mutant expression
vectors were a kind gift from Dr Jianguo Gu
(Tohoku Pharmaceutical University, Miyangi,
Japan). Transient transfection was done to res-
cuethe knockdown of GnT-V using Lipofectamine
2000.

Cell proliferation assay

Cell proliferation was determined using tetrazo-
lium WST-8 dye (KeyGen BioTech, China),
according to manufacturer’s instruction. Briefly,
1 x 10* cells from each group were seeded into
96 well culture plate in triplicate and main-
tained under optimum culture condition.
Growth rate of each group was measured on
24, 48 and 72 h, after seeding of cells in 96
well plates. Absorbance (Optical density), mea-
sured at 450 nm using Microplate reader at 24,
48 and 72 h, was determined and used to esti-
mate the rate of cellular activity and growth
among groups.

Soft agar colony formation assay

Soft agar colony formation assay was per-
formed in 6 cm tissue culture dishes using
2-Hydroxyethylagaros type VII, low gelling tem-
perature (Sigma) Volume 5 mls of 0.75% aga-
rose in complete medium was prepared and
layered at the bottom of the dish. About 5 x 103
cells were suspended in Volume 3 mls of 0.36%
of agarose in the same medium and this sus-
pension was served as top layer. Cells were
incubated for 2 weeks in a humidified incubator
under optimum culture conditions. Finally, cells
were stained with crystal violet and scanned by
photography (Olympus IX71). The number of
established colonies was quantified using the
CellSens software (Olympus).

Adhesion assay

Different wells on 96 well plates were coated
with 20 ug/ml of Fibronectin, Laminin and
Collagen IV (Sigma) overnight for incubation at
4°C. 1% BSA and Poly-L lysine were used as
negative and positive controls, respectively.
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Figure 1. Immuno-staining of different histological stages of astrocytomas. A. Representative micrographs of immu-
nohistochemical staining of astrocytic glioma tissue samples with GnT-V antibody, PHA-L and Con-A lectins. Staining
intensities are divided into three tired grading systems for each group, independently. The staining intensity of every
group was calculated by scanning each core of tissue microarray by Aperio image scope and the final positivity of
each sample was calculated by the formula [A + B + C/ Z+ (A + B + C)], where A = Total Intensity of weak positive,
B = Total Intensity of Moderate Positive, C = Total intensity of Strong Positives, Z = Total intensity of negative. Origi-
nal magnification was (X400; Leica DM400B microscope). B. Representative micrographs of H&E stained tissue
samples of different grades of astrocytic glioma and normal brain tissue. Original magnification was X200. Tumor

grades were determined according to the 2007 WHO grading system by the providers.

The coating was blocked for 1hr with 1% BSA at
37°C. Cells were harvested, washed in PBS
and then suspended in serum free medium
with 0.1% BSA. 2 x 103 cells were seeded into
separate wells of the three surface coatings
and incubated for 1 h. Non-adherent cells were
removed by washing with PBS and attached
cells stained with 0.2% crystal violet for 20 min-
utes. Cells were lysed in 2% SDS after removal
of excess dye with DDH,O. Absorbance was
determined at 570nm using Multskan
Microplate reader.

In vitro cell invasion and migration assay

12 well Transwell membrane plates (Corning
Costar Corporation) of pore size 8um and
6.5mm in diameter was used to assess the
invasive and migratory ability of cells. For inva-
sion assay, transwells were coated with 500
ug/ml of Matrigel (BD Biosciences-Discovery
Labware) as a basement matrix for invasion
assay. About 50 x 10° cells were seeded into
the separate upper wells of pre-coated tran-
swell in DMEM without FBS. The lower cham-
bers were filled with same medium containing
10% FBS. Cells were incubated for 36 h under
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optimum culture conditions. The cells were
then fixed with methanol and 3% paraformalde-
hyde, and stained with 0.5% crystal violet.
Unattached cells in the upper chamber of tran-
swell were removed with cotton swabbing and
allowed to dry. Lastly, transwell membranes
were scanned and photographs of microscope
field (at X200) taken from Olympus IX71 invert-
ed microscope. Invasiveness was estimated as
mean number of cells per 10 randomly select-
ed microscope fields per group. For migration
assay; transwells were remain uncoated and
25 x 103 cells were allowed to migrate for 24
hrs. Rest of the method was followed as same
as mentioned above for invasion assay.

Cell cycle analysis

Growing cells were harvested and washed with
PBS. About 1 x 10° cells per group were col-
lected and fixed separately in 70% ethanol for
at least 24 h. fixed cells were washed in PBS
and then treated with 50 ug/ml propidium
iodide and 100 ug/ml of RNase A solution and
incubated in the dark at 37°C for 45 minutes.
Cell cycle analysis was performed with BD
Accuri C6 flow cytometer. Generated data was
analyzed by Flowjo software.
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Clinical samples

Clinical samples in the form of tissue microar-
rays (GL2083a) were purchased from Xi'an
Alena Biotechnology Co. Ltd., China (Agent for
US Biomax). The microarray consisted of 192
different brain cancers and 16 normal brain tis-
sues. Of the tumor samples, astrocytic glioma
contributed 157, out of which 23, 19, 65, 20
and 32 were grade |, grade I-ll, grade Il, grade
Il and grade IV (glioblastoma), respectively. The
remaining tumor samples belonged to other
brain cancer types not included in this study
due to lack of a reasonable representable size
of the population that was needed to frame the
analysis of each group. The total population of
patients consisted of 71 females and 10%
males with a mean array age of 44.6 years
(range, 9-70 years). In order to have represent-
able populations of every grade, samples of
grade I-Il were merged with grade | group, as
they were more closer in appearance to grade |
in comparison with grade Il astrocytoma (Figure
1B).

Immunohistochemistry & lectin histochemistry

Tissues on microarray slides were pre-heated
at 60°C, deparaffinised with xylene and rehy-
drated in descending grades of alcohol. Antigen
retrieval was subsequently achieved by boiling
in citrate buffer of pH 6.0 in a pressure cooker.
Endogenous peroxidase activity in tissue
samples were silenced with 0.3% H,0,, where-
as non-specific binding was controlled by
blocking with 10% normal horse serum. Slide
used to detect Con-A binding sugars was fur-
ther blocked by avidin/biotin blocking kit
(Vector Labs). Arrays were then incubated with
GnT-V monoclonal antibody (1:75; Abnova), bio-
tinylated PHA-L (1:200; Vector Labs) and bioti-
nylated Con-A (1:200; Vector Labs) separately
on each replicate array. Primary lectin staining
was followed by incubation with horseradish
peroxidase conjugated streptavidin (Vector
Labs), while arrays incubated with primary
GnT-V antibody was followed by 2-step plus
polymer HRP anti-mouse/rabbit IgG detection
system (PV900O0; Beijing Zhongshan lJingiao
Biotechnology Co). Color development was per-
formed using freshly prepared working solution
of Diaminobenzidine (DAB) followed by counter-
staining with Mayer hematoxylin. Sections were
then dehydrated in ascending grades of alco-

1105

hol, cleared in xylene, and mounted with neu-
tral balsam. Immunostaining was verified by
two independent pathologists. Images were
taken from Leica DM400B microscope and the
staining intensities were quantified with Aperio
Image Scope. Scoring was performed by 3 tired
grading systems.

Statistical analysis

The difference between experimental groups
for the categorical data was computed by Chi-
square test. Fisher Exact test was used when
appropriate. Student’s t -test was used to test
the significant differences between two groups
for continuous variables and one-way analysis
of variance (ANOVA) for more than two groups.
All statistical tests were two sided and P-value
< 0.05 was considered statistically significant.
Graph pad prism version 5 was used for all sta-
tistical analysis. All in vitro experiments were
performed at least twice and in triplicate. Data
are presented as mean + SEM or SD where
appropriate.

Results

GnT-V enzyme, B1-6-GIcNAc branches and
other N-glycans are involved in gliomagenesis

Clinical samples were categorised into groups
as low, intermediate and strong on the basis of
staining intensity for each targeted antigens i.e.
GnT-V, PHA-L and Con-A reactive oligosaccha-
rides (Figure 1A). We found that expression of
PHA-L recognizing sugars, i.e [Gal (1, 4) GIcNAc
B1-6 Man «1-6], had strong correlation with
astrocytic glioma (p = 0.00). Grade | tumors
showed significant positive correlation with the
strong PHA-L staining intensity. 24 out of 42
samples, representing 57%, stained strong
while only 2 (4.8%) samples stained weak
(Table 1). Grade Ill astrocytoma and grade IV
glioblastoma; however, presented a strikingly
different expression pattern for PHA-L, as only
1 out of 32 (3.1%) grade IV (glioblastoma) sam-
ples showed strong staining while 62.5%
stained weak and similar with the observed
staining pattern among Grade Ill tumor sam-
ples. Adjusted residual of Table 1 did not reveal
any significant correlation of Grade Il astrocy-
toma with any of PHA-L staining. Also, there
was variable expression of GIcNAcB-1-6
branched oligosaccharides in different regions
of normal brain sample. The significant increase
in expression of GIcNAcB-1-6 branches in grade
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Table 1. Clinicopathological characteristics of astrocytic glioma according to expression of GIcNAc B-1-6 branches, GnT-V and Con-A recognizing
sugar

PHA-L staining GnT-V Con-A
Factors Cases P-value P-value P-value
Weak Moderate  Strong Weak Moderate Strong Weak Moderate Strong
Histologic Grades of Astrocytoma & 175 0.00" 0.00" 0.00"
Normal Brain
Grade I 42 2 (4.8%)P° 16 (38.1%) 24 (57.1%)° 3(74%)° 12 (28.6%) 27 (64.3%) 1(24%)°  4(9.5%) 37 (88.1%)
Grade Il 65 26 (40%) 25 (38.5%) 14 (21.5%) 22(33.8%) 24(36.9%) 19 (29.2%) 16 (24.6%) 22 (33.8%) 27 (41.5%)
Grade Il 20 13 (65%) 6 (30%) 1 (5%)° 5 (25%) 7 (35%) 8 (40%) 6 (30%) 8 (40%) 6 (30%)
Grade IV (Glioblastoma) 32 20(62.5%) 11(34.4%) 1 (3.1%)° 17 (53.1%)° 11 (34.4%) 4 (12.5%)° 16 (50%)* 9 (28.1%) 7 (21.9%)°
Normal 8 2 (25%) 4 (50%) 2 (25%) 1(12.5%) 0 (0%) 7 (87.5%)? 1(12.5%) 4 (50%) 3 (37.5%)
Normal (cancer adjacent) 8 2 (25%) 4 (50%) 2 (25%) 2 (25%) 3 (37.5%) 3 (37.5%) 2 (25%) 5 (62.5%) 1(12.5%)
Sex 0.247% 0.545" 0.866"
Male 104 41 (39.4%) 34 (32.7%) 29 (27.9%) 31(29.8%) 31(29.8%) 42 (40.4%) 25 (24%) 32(30.8%) 47 (45.2%)
Female 71 22 (31%) 32 (45.1%) 17 (23.9%) 19 (26.8%) 26 (36.6%) 26 (36.6%) 16 (22.5%) 20 (28.2%) 35 (49.3%)
Age 0.1341 0.748" 0.701t
<50 114 35(30.7) 47 (41.2%) 32(28.1%) 34 (29.8%) 38(33.8%) 42 (36.8%) 26 (22.8%) 32(28.1%) 56 (49.1%)
> 50 61  28(45.9%) 19(311%) 14 (23%) 16 (26.2%) 19 (31.1%) 26 (42.6%) 15 (24.6%) 20 (32.8%) 26 (42.6%)

Phaseolus vulgaris Leukoagglutinin (PHA-L), which recognizes GIcNAc-B1-6 branches; N-acetylglucosaminyl transferase V (GnT-V); Concanavalin A binding sugar (Con-A); fdenotes chi-square test; °statistically significant positive correlation
found within the cell of table; "signifies inverse correlation of individual cell of table. Significant differences within the cell was calculated by (Adjusted Residuals) of chi-square table. ~19 out of 42 samples of grade | were in between grade |
and grade Il of astrocytoma in terms of histopathological architecture.
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1 tumor tissues compared with that of normal
brain tissues is potential hallmark of early
gliomagenesis.

Some investigators have reported the lack of
consistency in the correlation between GnT-V
enzyme expression and that of its B1-6
branched products [19]. To further probe this,
we examined levels of GnT-V expression on rep-
licate arrays that were used for PHA-L staining.
We found that GnT-V staining pattern was simi-
lar to that of PHA-L staining in Grade | and
Grade |V astrocytic gliomas (Table 1). In total,
64.3% and 7.1% of samples stained strong and
weak, respectively for GnT-V in Grade | astrocy-
toma, while in glioblastoma tissues, 53.1% of
the samples had weak staining and only 4 out
of 32 (< 13%) presented with strong GnT-V
staining. No significant correlation was noted in
any group of GnT-V staining within grade Il and
grade lll astrocytoma samples. Unlike in the
PHA-L staining, the sustained decrement in
GnT-V staining intensity with tumor progression
was notably absent and only grade | and grade
IV tumors had GnT-V expression correlate with
the expression of B1-6 branches. High expres-
sion of GnT-V was also found in normal brain
tissues, 7 out of 8 samples stained strong for
GnT-V. It is therefore suggestive, per the
observed PHA-L and GnT-V expression pattern
in normal brain tissues and grade | astroglioma
that, the expression of GIcNAc-B1-6 branches
in grade | could be induced by other factors
apart from the direct influence of elevated
GnT-V expression.

Expression of 1-6 branched oligosaccharides
is dependent on the expression of both the
GnT-V enzyme and its precursor sugar residues
[19]. We further assessed the expression of
Con-A reactive oligosaccharides on other repli-
cate arrays and found sufficiently high positive
association of Con-A binding sugars with grade
| astrocytomas. Out of 42 grade | samples, 37
(88.1%) stained strong with only one staining
weak for Con-A lectin. The number of strong
Con-A staining within groups decreased with
worsening tumor stage or grade and was least
in glioblastomas samples (Table 1). Con-A reac-
tive oligosaccharides showed no particular
expression pattern in normal brain tissues, but
the significant increase in expression of Con-A
binding lectin in grade | astroglioma was
observed to have correlated with higher expres-
sion in B1-6-GIcNAc branches. There was also
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no positive association between age and/or
sex of the patients and any of the above-men-
tioned lectins or GnT-V antibody (Table 1).
Collectively, these results showed an increased
expression of GnT-V products in low grade
astrocytoma tissues as compared to those in
high grade tumor and normal brain samples.
These results suggest that p1-6-GIcNAc
branched expression on the cell surface is
associated with early gliomagenesis and along
with Con-A lectin staining may be of diagnostic
and/or prognostic value as a biomarker in
astrocytoma management and grading.

U-87 MG cell line showed highest expression
of endogenous GnT-V

In order to elucidate the effect of GnT-V in astro-
glioma, we screened three glioma cell lines,
U-87 MG, U-251MG and U-118MG for its
expression. Among the cell lines, U-87 MG had
the highest expression of GnT-V at both the
mMRNA and protein levels (Figure 2A and 2B). To
determine whether the level of 31-6 branched
oligosaccharides correlated with the expres-
sion of GnT-V, we performed direct flow cytom-
etry with FITC-PHAL lectin. Fluorescent intensi-
ty was computed as the median value of each
staining. U-87 cell line showed the highest
expression of PHA-L recognizing sugars (Figure
2C) and associated enzyme among the cell
lines, hence was chosen to develop different
ectopic GnT-V expression models. As the U-87
MG cell line is derived from Grade IV glioblas-
toma patient and could not represent the holis-
tic picture of the nature of GnT-V enzyme if
used as model cell line, as the GnT-V activity
was found to be higher in early stages of
glioma (Table 1). Nonetheless, the high expres-
sion of GnT-V in U-87 reveals that the compen-
satory channels or pathways for the suppres-
sion of GnT-V enzyme has not been activated
and the manipulation of GnT-V in U-87 cells can
depicts the functional nature of the enzyme in
astro-glioma.

In vitro GnT-V knockdown induces morphologi-
cal changes in U-87 cells

To study the functional significance of GnT-V
enzyme, U-87 cell line was chosen as suitable
cell line for in vitro model generation by MGAT5
gene silencing. Cells were separately trans-
duced with lentiviral particles carrying GnT-V
shRNA and mock plasmid. Knockdown clones
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Figure 2. U-87 glioma cells has the highest endogenous GnT-V expression among other selected glioma cell lines.
Endogenous expression of GnT-V and its GIcNAc-B1-6 branch products screened in three glioma cell lines. U-87TMG
cell line has the highest expression of GnT-V not only at mRNA and protein level but also its product which can be
detected by PHA-L lectins. Data is represented as mean + SEM; N > 3. A. Semi-quantitative RT-PCR results compar-
ing GnT-V mRNA expression among cell lines. Actin was used as internal standard and loading control. B. Quantifica-
tion of endogenous GnT-V protein by western blotting with GDPAH as loading control. C. Direct flow cytometry with
FITC-PHA-L. Graphs were merged to show the differences in the fluorescence intensity among cell lines. Fluorescent
intensity of each cell line was calculated independently of each other and expressed as the median value after
normalizing with their respective negative control.

were established by a single cell dilution of RT-PCR and western blotting, respectively
EGFP expressing cells. Knockdown success of (Figure 3B, 3C). Indirect Lectin flow cytometry
more than 90% was achieved and was con- revealed a decrease in the expression of
firmed at both the RNA and protein level by GIcNAc-B1-6 branching in GnT-V/shRNA cells
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Figure 3. Construction of different ectopic expression for GnT-V in U-87 cells. Parental (wild type U-87) cells were in-
fected with shRNA/GnT-V lentiviral vector and mock (pLL3.7) vector for control group. Data is represented as mean
+ SEM; (***p-value < 0.001). A. Representative images are of EGFP expressing mock and knockdown GnT-V cells.
GnT-V knockdown cells were well spread and morphologically more flattened on the culture dish as compared to the
control. Images were taken at (X40) magnification from Olympus IX71 inverted fluorescent microscope. B. Success-
ful GnT-V knockdown confirmed at the mRNA level by semi-quantitative RT-PCR; (N > 3) C. GnT-V/shRNA cell line was
rescued by GnT-V wild type expression vector and GnT-V mutant vector. Western blot showed GnT-V knockdown at
the protein level and the successful GnT-V rescue in GnT-V/shRNA cell line; (N > 3). D. Indirect Flowcytometry using
APC conjugated streptavidin to probe GIcNAc B-1-6 branch expression following GnT-V gene knockdown. Median flu-
orescent intensity was reduced to half in GnT-V/shRNA cells as compared to the mock and/or parental type (N = 2).

compared with mock control cells (Figure 3D). based on dehydrogenase activity on tetrazoli-
Knockdown of GnT-V in cells resulted in the um salt which produces a water soluble forma-
alteration of cell morphology. GnT-V/shRNA zan dye when reduced. Rate of cell growth and
cells assumed a more flattened and spreading proliferation among GnT-V/shRNA cells was sig-
shape, suggestive of possibly activated cyto- nificantly reduced when compared with that of
skeletal remodelling going on within the cells cells of mock control group or their parental
(Figure 3A). The observed changes in cell mor- types (Figure 4A). There was however, impres-
phology subsequent to GnT-V knockdown has sive recovery in cell growth rate following GnT-V/
previously been reported by Yamamoto and col- shRNA cell rescue with wild type GnT-V expres-
leagues [14]. In their work, GnT-V activity in sion vector (Figure 4B). Both graphs in (Figure
U-373 MG glioma cells was indirectly muted by 4) are shown as separate figures, and not as
the overexpression of enzyme GnT-lll which cat- single graph. This is because of the additional
alyzes the bisecting GIcNAc branches. This treatment that has done to achieve transient
resulted in reduced expression of GnT-V prod- rescue of GnT-V and its mutant type (Figure
ucts with the concomitant cell morphological 4B), and this lipofectamine treatment had fur-
changes suggestive of enhanced cytoskeletal ther slowed down the cell proliferation of res-
remodelling activity. cue wild type GnT-V/shRNA, which could suit-

ably be comparable with restoration of GnT-V/
GnT-V depletion inhibits U-87 cell proliferation shRNA with mutant type. Successful GnT-V res-
by promoting GO/G1 growth arrest cue and mutant GnT-V type was confirmed at

the protein level by western blotting (Figure
We first studied the growth properties of GnT-V/ 3C). From the above observations, it is specula-
shRNA cells and estimated their growth rate tive that the decrease in growth rate in GnT-V/
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Figure 4. GnT-V knockdown reduced proliferation of U-87 cells and promoted GO/G1 phase arrest. Cell cycle Experi-
ments were performed after 96 hours post transfection with wild type and mutant GnT-V expression vector while
cell proliferation assay was performed after 48 hours of post transfection. (A and B) show the growth curve for ex-
perimental groups detected by WST-8 dye, as described in material and method. Absorbance was taken after 24, 48
and 72 hours of seeding cells in 96 well plates. GnT-V/shRNA had the lowest growth rate compared with control (A).
Rescuing with wild type of GnT-V resulted in growth rate restoration compared to rescue with mutant GnT-V. Data is
represented as mean + SEM (*p-value < 0.05, **p-value < 0.01). (C) Cell cycle analysis by propidium iodide staining
showed that GnT-V knockdown produced a shorter peak of G2/GM compared to its mock, while GnT-V rescue with
wild type GnT-V showed the release of cells from GO/G1 phase to S and G2/M phase of cell cycle.

shRNA cells was of GnT-V enzyme knockdown- of GnT-V depletion on the cell growth cycle. We
induced. We further explored the consequence observed from cell cycle analyses that, block-
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Figure 5. Silencing of GnT-V altered cell to ECM adhesion (A), decrease invasive (B, C), migratory (D) and anchor-
age independence (E, F) of glioma cells. (A) Effects of GnT-V knockdown on cell adhesion ability; GnT-V knockdown
reduced the ability of cells to adhere to the ECM components; fibronectin (FN), laminin (LN) and collagen IV (Col IV).
Data is represented as mean + SEM and p-value signifies the difference between mock and GnT-V/shRNA group.
(**p-value < 0.01, ***p-value < 0.001; N = 4). (B & C) represents Matrigel/Transwell invasion assay, invasive
ability of GnT-V/shRNA U-87 cell group was greatly reduced compared to that of control cell groups. Invasive ability
in GnT-V/shRNA cells were regained after successful rescue of GnT-V expression using wild type GnT-V expression
vector. Images were taken at a magnification of (X200; Olympus IX71). Data are the mean + S.E of three indepen-
dent experiments (*p-value < 0.05, ***p-value < 0.001). (D) Migration rate of U-87 glioma cells is attributed to the
activity of GnT-V enzyme. Migration ability of cells were checked by transwell chamber. GnT-V/shRNA cells showed
decreased in number of migrated cells per field compared to controls. Images were taken at a magnification of
(X200; Olympus IX71) (**p-value < 0.01, N = 3). (E) To assess the transforming ability in GnT-V/shRNA stable
cell line, soft agar colony formation assay was performed. Ability to form clones in knockdown GnT-V was greatly
reduced compared to control group. Original magnification images was X40 (Olympus IX71). The graph represents
the differences in the mean clonal diameters of controls and GnT-V/shRNA cell line. Data represented as mean +
S.E of two independent experiments (***p-value < 0.001). (F) In order to re-assess the loss of transforming ability
of knockdown GnT-V, cells were rescued by wild type GnT-V vector. Mutant GnT-V expression vector was used as
control. GnT-V/shRNA cells regain their transforming ability when GnT-V is rescued by wild type GnT-V gene. Plates
were scanned under light microscope (at x40) and images were taken from hand digital camera. Data represented
as mean + S.E of two independent experiments (**p-value < 0.01).

ing GnT-V expression induced cell arrest at GO
and G1 phases of the cell division cycle.
Intriguingly, GnT-V rescue led to the release of
the suppressed cell cycle by reversing the
growth arrest. This was evidenced by higher
G2/M peaks shown on flow cytometry outputs
for cell cycle analyses for GnT-V/shRNA rescue
cells compared with control cells (Figure 4C). In
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summary, we are convinced that GnT-V expres-
sion partly regulates the cell cycle and is par-
ticularly useful during phase transition of GO/
G1 to G2/M. This is consistent with an existing
report that in hepatoma cells the activity of
GnT-V was highest at G2/M phase while the
expression remained fairly constant in the
other phases of the cell cycle [20].
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GnT-V contributes glial cells to transform,
invade and migrate

Currently, there exist no developed models for
glioma invasion, although the underlying prin-
ciples have been conceptualized and put into
discrete steps which include (1) adhesion of
cells to surrounding brain parenchyma, (2) deg-
radation of extracellular matrix (ECM) to allow
passage and (3) glioma cell movement. We
investigated the involvement of GnT-V enzyme
and its B1-6-GlcNac branched products in any
of the steps involved in glioma invasion. Firstly,
we studied the adhesion characteristics of
GnT-V/shRNA cells with three main extracellular
matrix (ECM) components; Fibronectin (Fn),
Laminin (Ln) and Collagen IV (Col IV). We
observed that the ability of cells attachment to
the named ECM components waned in GnT-V/
shRNA cells compared to control cells (Figure
5A) suggesting that decreased GnT-V expres-
sion hampers the interaction between glial
cells and the surrounding parenchyma. Next,
we studied the basement membrane degrada-
tion characteristics of knockdown GnT-V cells
using Matrigel. We found that decreased in
GnT-V expression resulted in a significantly low-
ered invasive potential of cells (Figure 5B).
There was a restoration of invasive potential to
pre-knockdown levels upon GnT-V rescue in
GnT-V/shRNA cells (Figure 5C). We also
assessed cell movement or migration ability by
Transwell assay, based on chemotaxis and
again observed that GnT-V/shRNA cells were
poor in migration compared to the mock con-
trol or parental cells (Figure 5D). Our work pro-
duced evidence that contradicts existing
reports of weakened cell migration ability with
enhanced cell adhesion to ECM. In our case,
GnT-V/shRNA cells were poor in attachment
and migration compared to controls indicating
that optimum level of adhesion is required for
the cells to migrate [21, 22].

As the GnT-V expression is controlled by many
oncogenes which are important for cellular
transformations [10, 11], we further investigat-
ed the effect(s) of GnT-V silencing on the trans-
forming ability of U-87 cells. For this purpose,
soft agar colony formation assay was per-
formed to assess the clonogenic potential of
U-87 cells. As shown in (Figure 5E), colony
number and size of GnT-V knockdown cells were
diminished compared with those of controls
indicating the important role of GnT-V in onco-
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genic transformation of cells. In fact, GnT-V/
shRNA cells did not form colonies larger than
20 cells. Rescuing the expression of GnT-V
restored anchorage independent growth ability
in knockdown GnT-V cell line (Figure 5F).

Discussion

The dynamic function and expression of
N-acetyl glucosamine glycosyltransferase-V
(GnT-V) in different tissues and its role in
certain human cancers said to be of prognostic
significance remains controversial. In this
study we, for the first time, have pointed out
that the activity of GnT-V and its B1-6-GIcNAc
sugar products change through the course of
gliomagenesis. We found that PHA-L staining of
GnT-V products was strongest in early gliomas
as 57% and 4.8% of the total grade | astrocytic
glioma samples respectively stained strong
and weak for PHA-L lectin. The reactivity of
PHA-L progressively reduced in the higher
tumor grades reaching 3% of strong staining in
glioblastomas.

This study is unable to confirm any correlation
between GnT-V enzyme expression and its cat-
alytic B1-6 branched oligosaccharide products,
in normal brain tissues. GnT-V expression
remained high in early gliomas and normal
brain tissues but the expression of its product
elevated only significantly in grade | astroglio-
ma. This suggests other possible triggers for
1-6-GIcNAc branched up-regulated expres-
sion in grade | that may include (1) elevated
UDP-GIcNAc levels [23] and (2) altered expres-
sion of other N-glycans biosynthesis regulating
enzymes [24]. Con-A lectin interacts with
diverse receptors and binds to complex types
of biantennary N-glycans but with greater spec-
ificity to those containing mannose carbohy-
drates and terminal glucose [25]. In our study,
88% of grade | astrocytic tumor tissues stained
strong for Con-A lectin while the occurrence of
the strong staining among tissues tended to
decrease in progressive glioma grades. This
observation is in harmony with that of Wang et
al [26] who reported of intense Con-A staining
in lower grade astrocytomas and weakened
expression of mannose residues in high grade
astrocytomas. Also, high grade gliomas have
been shown to exhibit a loss of WGA and RCA-1
staining which recognize N-acetylglucosamine
and N-acetylgalactosamine, respectively [26].
This suggests that there is a constant decrease
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of total N-glycosylation in the progression of
glioma. Loss of WGA and Con-A lectin binding
ability is also common in other human cancers
has been of prognostic value as a marker in
Burkitt’s lymphoma, gastric cancers and uri-
nary bladder cancers [19, 27, 28]. Altogether,
the loss of B1-6-GIcNAc sugar in high grade
astrocytomas can be attributed to the loss of
overall N-glycosylation in view of the weakened
reactivity of Con-A, RCA and WGA lectins.

The etiology of gliomas is not exhaustively
known and the mechanisms underlying their
development poorly understood. However, loss
of function of P53 gene[29], the expression of
receptor tyrosine kinase Ligands, platelet
derive growth factor (PDGF), and its receptor
(PDGFR) have been found to increase in low
grade gliomas [30]. Our study has discovered
that early grade gliomas are associated with
higher GnT-V activity. Partridge et al. [31]
showed that in GnT-V/- mouse tumor cell line
derived from polyoma virus middle T (PyMT)
oncogene had delayed in tumor growth and the
cells were less responsive to PDGF as com-
pared to GnT-V*/* derived tumor cells. It is pos-
sible therefore that, increase in GnT-V activity
may potentially favor the increase in the expres-
sion of PDGFR and its ligands in gliomagenesis.
We also assessed the effect(s) of GnT-V knock-
down on the transforming ability of glial cells
and found that it resulted in a compromised of
the anchorage independent properties of
GnT-V/shRNA cells. This shows that the activity
of GnT-V is important for the transforming
potential of glial cells further in support of our
hypothesis of GnT-V involvement in early
gliomagenesis.

A characteristic of gliomas is their ability to
invade surrounding stromal tissues regardless
of grade and/or degree of pathogenesis.
Immunohistochemistry has revealed higher
expression of matrix metalloproteinases, par-
ticularly MMP-2 and MMP-9 in glioblastomas
and anaplastic astrocytomas but present at
undetectable levels in low grade astrocytomas
[32, 33]. Other proteases such as cathepsin B
and UPA urokinase type plasminogen activator
(UPA) reportedly, also show significant expres-
sion only in high grade gliomas [18]. Higher
B1-6 branched expression is associated with
greater invasive and metastatic potentials in
many cancers including breast and esophageal
carcinomas [34, 35]. Our results show that
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decreased expression led to a drastic reduc-
tion in the invasive and migratory prowess of
GnT-V/shRNA glioma cell line. Guo et al. [36]
showed that higher levels of GnT-V increased
the invasive potential in the human fibrosarco-
ma cell line (HT1080), but without a corre-
sponding increase in the expression levels of
matrix metalloproteinases. This supports the
argument thatincreased [31-6 branched expres-
sion may potentiate cells of low grade gliomas
to invade surrounding tissues without the aid of
proteinases.

Other tyrosine receptor kinases such as EGFR,
TGF-B and IGF are involved in the regulation of
multiple intracellular pathways, and their upreg-
ulated expression common in high grade astro-
cytomas [37, 38]. The GnT-V enzyme reportedly
modulates the activities of tyrosine receptor
kinases as increased GnT-V expression enhanc-
es interactions between these kinases and
ligand growth factors [39]. In the light of the
above argument, the reason for the diminished
expression of GnT-V and its 1-6 branched oli-
gosaccharides products observed in high grade
gliomas, and the benefit(s) or otherwise to glio-
mas remain unclear. Predicting an explanation,
Dennis and colleagues [40] showed that PyMT
driven tumors in mammary fat pads of GnT-V/
mice underwent a latency period at the early
stage but showed accelerated tumor growth in
the later stages. And these tumors exhibited
increased resistance to Src, EGFR kinase and
brefeldin A (a protein transport inhibitor).
Clinically, high grade gliomas including anaplas-
tic astrocytoma and glioblastoma have greater
resistance to several chemotherapeutic drugs
and the progressive decrease in 31-6 branch-
ing could be a potential reason. This is support-
ed by reports that upregulated expression of
GIcNAc-B1-6 chains in U-373 MG glioma cell
line increased their sensitivity to pro-apoptotic
drugs [41].

The low expression of GnT-V in high astrocytic
glioma having in vitro proto oncogenic nature
can also be explained by looking on the studies
that has been done on one scaffolding protein,
Caveolin-1. Caveolin-1 was described either as
a tumor suppressor or as a tumor promoter pro-
vided its levels in tumors against non-trans-
formed tissues [42, 43]. Ken Sasai et al.
showed that the Caveolin-1 limits the appear-
ance of B1-6 branches by causing the reorgani-
zation of the Golgi complex [44]. Down regula-
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tion of Caveolin-1 by small interfering RNA
showed increased in high glycosylated form
of CD147 (HG-CD147), which is attributable
to the action of GnT-V on CD147. Caveolin-1 is
also reported to be over expressed in high
grade Glioma [45], which could likely be a par-
ticipant in the decreased of GnT-V expression
and [(1-6-GIcNAc branches in high degree
gliomas. Interestingly over expression of
Caveolin 1 rather than down regulation in U-87
glioma cells induced decreased in cell prolifera-
tion, clonogenicity and invasion [46], same
like the down regulation of GnT-V was expected
to elucidate increased in oncogenic properties
of glioma cells rather than the suppression
of it. Understanding the relation of GnT-V and
GIcNAc-B1-6 branch along with caveolin-1
protein signalling and trafficking in future
can unfold the mechanistic explanation of
the dual characteristics of GnT-V activity in
gliomagenesis.

In conclusion, we have shown that GnT-V
enzyme activity is crucial in gliomagenesis. We
propose from our in vitro experimentation that
the enzyme may function as an onco-protein in
glioma cells. The expression of GnT-V and 31-6-
GlIcNAc sugar products were low in high grade
gliomas which may suggest the activation of
other compensatory genetic and epigenetic
mechanisms, as the expression of one of the
B1-6 branched sugar precursor moieties, Con-A
recognizing sugars, also reduced in high grade
astrocytomas. We believe that the Con-A and
PHA-L binding sugars may be of diagnostic and
prognostic relevance in gliomas. For early grade
gliomas in particular, the GnT-V enzyme pres-
ents potential therapeutic benefits and inhibi-
tion of its expression could be helpful in miti-
gating tumor aggression in the early stages of
development.
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