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Abstract

In previous study, we have shown that b1,4-galactosyltransferase V (GalT V) functions as a positive growth regulator in glioma. Here,
we reported that down-regulation of the expression of GalT V in SHG44 cells by transfection with antisense cDNA specifically up-reg-
ulated the expression of cell surface integrin b1 without the change of its mRNA, and with integrin b1 125 kDa mature form increased
and 105 kDa precursor form decreased. It is well known that the N-glycans of integrins modulate the location and functions of integrins.
The SHG44 cells transfected with antisense cDNA of GalT V demonstrated decreased Golgi localization of integrin b1, strengthened the
interaction between integrin a5 and b1 subunit, and enhanced the adhesion ability to fibronectin and the level of focal adhesion kinase
phosphorylation. Our results suggested that the down-regulation of the expression of GalT V could promote the expression of cell sur-
face integrin b1 and subsequently inhibit glioma malignant phenotype.
� 2006 Elsevier Inc. All rights reserved.
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N-Acetylglucosaminyl transferase V (GnT V) and b1,4-
galactosyltransferase V (GalT V) cooperatively synthesized
the Galb1 fi 4GlcNAcb1 fi 6Man structure. The increased
expression of Galb1 fi 4GlcNAcb1 fi 6Man outer chain
on N-glycan is a common feature for malignant transforma-
tion compared with normal phenotype cells [1,2]. The aber-
rant cell surface glycosylation patterns lead to alterations in
cell–cell and cell–matrix interactions by affecting the func-
tion of adhesion molecules such as E-cadherin, integrins,
and CD44 [3–5]. When alterations in the glycosylation pat-
terns of the glioma associated integrin, a3b1, were intro-
duced by transfection of the a2,6-sialyltransferase gene
into a malignant glioma cell line, inhibition of invasion
was observed in vitro [6].
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Many factors including GnT V can affect the maturation
of integrin b1 and its transport to the cell surface [7,8].
Changes in the expression of cell surface integrins may be
important in cancers, impacting on various aspects of can-
cer metastasis [9]. Integrin b1 is a transmembrane glyco-
protein. After synthesized as an 87 kDa polypeptide, it
undergoes glycosylation in the endoplasmic reticulum
(ER), and then in the Golgi apparatus. The incompletely
glycosylated form of integrin b1 has a mass of 105 kDa
and is referred to as p105. The completely glycosylated
form of integrin b1 has a mass of 125 kDa (p125) [10].
p105 is not found at the cell surface, thereby unable to play
a part in cell adhesion or cell signaling [10,11].

GalT V is one of the b1,4-galactosyltransferase (b1,4-
GalTs) family members [12]. The gene expression levels
of GalT V were strongly correlated with those of GnT V
whose activity was shown to increase by malignant trans-
formation [13]. It has been reported that apparent GalT
V activities in MTAg, the most malignant transformation
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of NIH3T3, do not change significantly but the gene
expression patterns of b1,4-GalTs change drastically,
markedly increasing the mRNA level of GalT V [14]. Our
previous study showed that increased GalT V transcript
which appeared in the process of astrocytoma progressed
with the highest level in grade IV [15]. This suggests that
the malignant degree of astrocytoma may be correlated
with the expression of GalT V and GalT V may affect
the malignant phenotype [16,17]. The present study shows
that down-regulation of the expression of GalT V could
increase the expression of cell surface integrin b1 and sub-
sequently enhance cell adhesion ability to FN and the tyro-
sine phosphorylation level of FAK in SHG44 cells.
Experimental procedures

Materials. Astrocytoma cell lines SHG were obtained from the
affiliated Huashan Hospital of Fudan University. Anti-mouse IgG, anti-
rabbit IgG, FN, Dulbecco’s modified Eagle’s medium (DMEM), and
crystal violet were all from Sigma. HRP, rhodamine or FITC-conju-
gated goat anti-mouse secondary antibody were from Santa Cruz Bio-
technology. Monoclonal antibody against integrin b1 was obtained
from BD Pharmingen. Endoglycosidase H (Endo H) was purchased
from Roche Applied Science. Transfection Reagent Sofast� was pur-
chased from Sunma Biotechnology (Xiamen, China). The pcDNA3.0
vector was from Invitrogen. The plasmids sense cDNA of GalT V
(GalT V-S) and antisense cDNA of GalT V (GalT V-AS) have been
previously described [16].

Cell culture and transfection. The SHG44 cells stably transfected with
GalT V-AS and pcDNA3.0 vector plasmids were named as GalT V-AS/
SHG44 and vector/SHG44, respectively. Cells were routinely cultured in
DMEM. Transient transfections were performed with SofastTM reagent
according to manufacturer’s instruction.

Detection of integrin on cell surface with fluorescence activated cell

spectra. Fluorescence activated cell spectra (FACS) has been described
previously [7]. Quantitative data were expressed at the mean fluorescence
intensity in three independent and reproducible experiments.

Detection of the mRNA expression of integrins with real-time RT-PCR.

Quantitative real-time RT-PCR experiments were performed as described
previously [7]. The primers used for integrin b1 forward: 5 0-AACTTGA
Fig. 1. Down-regulation of the expression of GalT V promotes the expression
form HeLa cells transiently transfected with GalT V, GalT V-AS or pcDNA3.
anti-GAPDH antibodies. (B) HeLa cells transiently transfection with GalT V, G
cell surface integrin b1. Each bar represents the mean (±SD) of triplicate dete
TCCCTAAGTCAGCAGTAG-3 0, reverse: 5 0-ATCAGCAGTAATGCA
AGGCC-30; for integrin a5 forward: 5 0-ACCAAGGCCCCAGCTCC
ATTAG-30, reverse: 5 0-GCCTCACACTGCAGGCTAAATG-30; for
b-actin forward: 5 0-GATATCGCCGCGCTCGTCGTCGAC-30, reverse:
5 0-CAGGAAGGAAGGCTGGAAGAGTGC-30.

Co-immunoprecipitation and Western blot analysis. Co-immunopre-
cipitation of integrin a5 and b1 subunit experiments and Western blot
experiments were performed as described previously [7]. Immunocom-
plexes were subjected to Western blot with anti-integrin b1 or a5
antibody.

Endoglycosidase digestion. Cells extracts were subjected to Endo H
digestion as described previously [18]. Then the samples were subjected to
immunoblot analysis with anti-integrin b1 antibody.

Subcellular localization of b1 integrin in SHG44 cells. Cells were fixed
with 4% formaldehyde and then permeabilized with 0.5% Triton X-100.
After blocked with 1% BSA, cells were stained with anti-b1 integrin mouse
monoclonal antibody, followed by incubation with a mixture of rhoda-
mine-conjugated anti-mouse IgG. Then the cells were stained with
C6-NBD, a special dye labeling Golgi apparatus, according to manufac-
turer’s instruction. After washing with PBS, the coverslips were
photographed by using fluorescence microscopy.

Cell adhesion assays. Cell adhesion experiments were performed as
described previously [19]. The data were expressed as means of triplicate
wells ± SD.

Immunoprecipitation of focal adhesion kinase. Immunoprecipitation of
focal adhesion kinase (FAK) experiment was performed as described
previously [7]. Immunocomplexes were subjected to Western blot with
anti-PY20 or anti-FAK antibody.

Results

Down-regulation of GalT V promotes the expression of cell

surface integrin b1

The expression of integrin b1 was compared by immu-
noblot analysis in HeLa cells after transient transfection
with GalT V-S, GalT V-AS or pcDNA3.0 vectors. We
found that the expression of p125 and p105 both increased
in the cells transfection with GalT V-AS (Fig. 1A), which
showed enhanced expression of cell surface integrin b1 by
FACS analysis (Fig. 1B).
of cell surface integrin b1 subunit. (A) Equal amounts of cellular protein
0 vectors were subjected to immunoblot analysis with anti-integrin b1 and

alT V-AS or pcDNA3.0 vectors were subjected to analysis with FACS of
rminations.
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Analysis of the expression on cell surface and transcription of

integrin a5 and b1 in GalT V-AS/SHG44 and vector/SHG44

cells

We further investigated the expression of integrin b1 in
GalT V-AS/SHG44 and vector/SHG44 by means of real-
time RT-PCR. As shown in Fig. 2A, the mRNA expression
level of integrin b1 was nearly identical between the GalT
V-AS/SHG44 cells and vector/SHG44 cells. However, the
GalT V-AS/SHG44 cells demonstrated increased the cell
surface integrin b1 than vector/SHG44 cells by means of
FACS analysis (Fig. 2B). In order to elucidate the mecha-
nism of the altered expression of integrin subunits, we fur-
ther investigated the mRNA expression level of integrin a5.
Though the mRNA expression level of integrin a5 subunit
was increased to 4.81 times in GalT V-AS/SHG44 cells as
compared to the control (Fig. 2C), the expression of cell
surface integrin a5 was unchanged by FACS analysis
(Fig. 2D). These results suggested that GalT V-AS could
specifically up-regulate the expression of cell surface b1
integrin.
Fig. 2. Analysis of the cell surface expression and transcription of integrin b1
time RT-PCR analysis of the transcription of integrin b1 in GalT V-AS/SHG44
were subjected to analysis with FACS of cell surface integrin b1 subunit. (C) Re
SHG44 and vector/SHG44 cells. (D) GalT V-AS/SHG44 and vector/SHG44 c
bar represents the mean (±SD) of triplicate determinations.
Increased p125 and decreased p105 of b1 integrin in GalT

V-AS/SHG44 cells

We performed Western blot to compare the protein level
of integrin b1 in GalT V-AS/SHG44 cells with those in vec-
tor/SHG44 cells. As shown in Fig. 3A, there were no signif-
icant differences in the total amount of integrin b1 in GalT
V-AS/SHG44 and vector/SHG44 cells; however, a subtle
alteration was noted in the ratio of precursor to mature
integrin b1 isoform. Compared with vector/SHG44, GalT
V-AS/SHG44 cells demonstrated increased p125 and sig-
nificantly decreased p105 of integrin b1. Endo H could dis-
sociate N-linked mannose-rich glycans which become Endo
H-resistant after modification by glycosyltransferase in the
Golgi apparatus. To test the validity of Endo H, we then
treated cell extracts from SHG44 with Endo H or vehicle.
As expected, p105 was eliminated by Endo H and replaced
with a new band of about 85 kDa (Fig. 3B). This molecular
mass was consistent with the expected migration of the
unglycosylated core peptide of integrin b1 [20]. And p125
was not modified by Endo H. In order to confirm that
and a5 subunit in GalT V-AS/SHG44 and vector/SHG44 cells. (A) Real-
and vector/SHG44 cells. (B) GalT V-AS/SHG44 and vector/SHG44 cells

al-time RT-PCR analysis of the transcription of integrin a5 in GalT V-AS/
ells were subjected to analysis with FACS of cell surface integrin a5. Each



Fig. 3. Down-regulation of the expression of GalT V increases p125 and decreases p105. (A) Equal amounts of cellular protein from GalT V-AS/SHG44
and vector/SHG44 cells were subjected to immunoblot analysis with anti-integrin b1 (upper panel) or anti-GAPDH (lower panel) antibodies. Both a
105 kDa precursor form and a 125 kDa mature form were noted. (B) Equal amounts of cellular protein from whole cell extracts of SHG44 cells were
treated with Endo H (+) or vehicle (�) for 24 h at 37 �C. The samples were subjected to immunoblot analysis with anti-integrin b1 antibody. (C) Equal
amounts of cellular protein from SHG44 cells transiently transfection with GalT V-AS (+) or pcDNA3.0 vectors (�) were treated with Endo H (+) or
vehicle (�) for 24 h at 37 �C. The samples were subjected to immunoblot analysis with anti-integrin b1 antibody.
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down-regulation of the expression of GalT V could pro-
mote integrin b1 maturation, we transiently transfected
SHG44 cells with GalT V-AS or pcDNA3.0 vectors fol-
lowed by treatment with Endo H. The vector transient
transfection was shown to two bands (Fig. 3C, lane 1)
and an 85 kDa new band followed digestion by Endo H
(Fig. 3C, lane 3). Compared with the control (Fig. 3C,
lanes 1 and 3), p105 was extremely decreased (Fig. 3C, lane
2), and the new band about 85 kDa was absent (Fig. 3C,
lane 4) in GalT V-AS transient transfection.

Integrin b1 was localized near the cell surface other than to

Golgi apparatus in GalT V-AS/SHG44 cells

To elucidate the mechanism of down-regulation of
the expression of GalT V may control maturation of
integrin b1, we examined cellular localization of integrin
b1 using immunofluorescence confocal microscopy anal-
ysis. The GalT V-AS/SHG44 and vector/SHG44 were
stained for integrin b1 (in red) and C6-NBD (in green),
a special dye labeling Golgi apparatus. The yellow color
present in the merged image indicates colocalization
between integrin b1 and Golgi apparatus. We found
that integrin b1 was present in Golgi apparatus in vec-
tor/SHG44 cells (Fig. 4, upper panel); however, in GalT
V-AS/SHG44 cells, integrin b1 was localized near the
cell surface and formed small intracellular clusters
(Fig. 4, lower panel, red arrow). These results suggested
that the down-regulation of the expression of GalT V
could promote trafficking of integrin b1 from Golgi
apparatus to cell surface.
Down-regulation of GalT V strengthened the interaction

between integrin b1 and a5, increased the cell adhesion

ability to FN and the level of FAK phosphorylation

We want to further investigate whether down-regulation
of GalT V could affect the function of integrin. As expect-
ed, GalT V-AS/SHG44 cells demonstrated that the interac-
tion between integrin b1 and a5 subunits strengthened
(Fig. 5A) and the cell adhesion ability to FN increased
(Fig. 5B). FAK colocalized with integrin, and its phosphor-
ylation state and tyrosine kinase activity were also regulat-
ed by binding of cells to ECM [21,22]. As shown in Fig. 5C,
the tyrosine phosphorylation level of FAK was significant-
ly enhanced in GalT V-AS/SHG44 cells.

Discussion

GnT V and its product, b1,6 GlcNAc branching on the
cell surface glycans were positively correlated with the
metastasis-potential of some malignancies. Cells transfec-
ted with GnT V cDNA were shown to decrease adhesion
to FN and increase cell migration, and cell invasion
through matrigel [23]. It has been reported that the expres-
sion of GnT V could regulate glycosylation and function of
a5b1 integrins. Over-expression of GnT V in HT1080 cells
was shown to reduce a5b1 integrins clustering, inhibit a5b1
integrin-mediated adhesion, and promote cell motility [19].

The gene expression level of GalT V but not other b1,4-
GalTs was strongly correlated with those of GnT V whose
activity was shown to increase by malignant transforma-
tion [13]. To explore if GalT V also can affect glycosylation



Fig. 4. Reduction in the GalT V expression affects the subcellular localization of integrin b1 subunit. After fixed and permeabilized, vector/SHG44 G44
cells (upper panel) or GalT V-AS/SH cells (lower panel) reacted with anti-integrin b1 mouse monoclonal antibody followed by incubation with
rhodamine-conjugated goat anti-mouse IgG and C6-NBD, a special dye labeling Golgi apparatus. Images were captured and analyzed with a Zeiss
confocal microscope (40· zoom). Integrin b1 is in red and the Golgi marker is in green. The yellow image is a red/green merge to show colocalization. In
GalT V-AS/SHG44 cells, the integrin b1 was localized near the cell surface and formed small intracellular clusters (red arrow). (For interpretation of the
references to color in this figure legend, the reader is referred to the web version of this paper.)

Fig. 5. Over-expression of GalT V strengthened the interaction between integrin b1 and a5 subunit, increased cell adhesion ability to FN and the level of
FAK phosphorylation. (A) Endogenous integrin b1 subunit interacts with integrin a5 subunit in GalT V-AS/SHG44 cells and vector/SHG44 cells.
Immunoprecipitation was performed with monoclonal anti-integrin a5 antibody. Co-immunoprecipitation protein was probed with indicated antibodies.
(B) After incubation on FN (15 lg/ml) for 30 min, the cell lysates were immunoprecipitated by monoclonal anti-FAK antibody. The level of FAK and
phosphor-FAK was detected by indicated antibodies. (C) GalT V-AS/SHG44 cells demonstrated more adhesion ability to fibronectin. GalT V-AS/SHG44
and vector/SHG44 cells (3 · 104) were applied to 96-well plates coated with poly-lysine (100 lg/ml), 1% BSA or increasing concentrations (1, 3, 10, and
30 lg/ml) of FN and incubated at 37 �C for 30 min. Adherent cells were crystal violet and absorbance of each well was determined at 595 nm. Each bar
represents the mean (±SD) of triplicate determinations.
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and expression of cell surface a5b1 integrin, SHG44 cells in
which GalT V is highly expressed are stably transfected
with GalT V-AS or pcDNA3.0 vectors. Increased cell sur-
face b1 integrin is found in GalT V-AS/SHG44 cells. This
result is confirmed in HeLa cells. Real-time RT-PCR anal-
ysis reveals the identical mRNA level of integrin b1 in
GalT V-AS/SHG44 cells and vector/SHG44 cells, ruling
out the possibility that the enhancement of cell surface inte-
grin b1 by transfection with GalT V-AS is caused by
increased the mRNA transcription level of integrin b1.
The cell surface integrin a5 showed unchanged though
the mRNA level of integrin a5 is increased to 4.81 times
in GalT V-AS/SHG44 cells, suggesting the special role of
GalT V in regulation on the expression of integrin b1.

To elucidate further the mechanism by which reduction
in the expression of GalT V could increase the cell surface
abundant of integrin b1, we performed Western blots to
investigate the expression of the total cytoplasmic pools
of b1 integrin. The HeLa cells transfection with GalT
V-AS showed increased level of both p105 and p125.
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However, stable transfection with GalT V-AS to SHG44
cells had no effect on the total level of b1 integrin in cellular
lysates, but showed increased p125 and extremely reduced
p105. These results suggested that the mechanisms of
down-regulation of the expression of GalT V promoting
the expression of cell surface integrin b1 were depended
on the cell types as GnT V [7,19].

Because malignant degree of astrocytoma may be corre-
lated with the expression of GalT V [16], we are interested
in what happened in GalT V-AS/SHG44 cells. First, we
want to identify that the p105 was the precursor form of
integrin b1. As previously reported, the p105 and p125
bands represent integrin b1 isoforms that are in difference
stages of maturation. After synthesized as an 87 kDa poly-
peptide, integrin b1 becomes partially glycosylated by ER
glycosyltransferases, generating a high mannose, precursor
form of 105 kDa. These N-linked mannose-rich glycans
can be dissociated by Endo H. The integrin b1 precursor
complex with a precursor form of an integrin a-subunit
and then the heterodimer is transported to the Golgi appa-
ratus, where the a and b subunits accept completely glyco-
sylation by Golgi glycosyltransferases to generate the
mature form with the Endo H-resistant N-linked glycans.
The mature heterodimer is subsequently transported to
the cell surface. In the Endo H digestion experiments, we
confirmed that the new band about 85 kDa was the prod-
uct of deglycosylated p105. This molecular mass was con-
sistent with the unglycosylated integrin b1 core peptide.
These results identified the p105 as the precursor form of
integrin b1.

GalT V could effectively galactosylate the Glc-
Nacb1 fi 6Man group of the highly branched N-glycans.
So it is possible that down-regulation of the expression of
GalT V by transfection with antisense cDNA could affect
the homeostasis of Golgi apparatus and then alter the gly-
cosylation or transportation of integrin b1 in Golgi. To
verify the hypothesis, we investigate the subcellular locali-
zation of integrin b1. Compared with vector/SHG44 cells
in which integrin b1 are localized in Golgi apparatus, the
GalT V-AS/SHG44 cells demonstrate more integrin b1
localized near the cell surface and in small intracellular
clusters. The results suggested that down-regulation of
the expression of GalT V could directly or indirectly pro-
mote trafficking of integrin b1 from Golgi apparatus to cell
surface. Consistent with these results, the GalT V-AS/
SHG44 cells were shown to strengthen the interaction
between integrin b1 and a5 subunit, increase cell adhesion
to FN and the level of FAK phosphotyrosine as
anticipated.

In our previous reports, the gene expression of GalT V
increased in the process of astrocytoma progress and the
over-expression of GalT V promoted the growth of astro-
cytoma cell line [15,16]. The GalT V-AS/SHG44 cells dem-
onstrate the suppression of tumor development in
experiment animals [17]. On the basis of these results, GalT
V could represent a novel target in glioma therapy. But it
has been reported that the expression of a5b1 integrin
was up-regulated in glioma [24]. So there may be other
molecular(s) involved in the process that GalT V knock-
down suppresses the glioma development. We have found
that a 61 kDa protein was galactosylated in astrocytoma
but not in normal brain tissues [15] and more efforts are
in proceeding.
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