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Abstract. Aberrant carbohydration by related glycosyl-
transferases plays an important role in the progression of 
cancer. This study focused on the ablity of β-1,3-N-acetyl-
glucosaminyltransferase-8 (β3GnT8) to regulate MMP-2 
expression through regulation of the CD147 signal transduc-
tion pathway in cancer cells. β3GnT8 catalyzes and then 
extends a polylactosamine chain specifically on β1-6-branched 
tetraantennary N-glycans. CD147 is a major carrier of β1-6-
branched polylactosamine sugars on tumor cells, and the high 
glycoform of CD147 (HG-CD147) induces matrix metallopro-
teinase (MMP) production. In the present study, we analyzed 
β3GnT8 mRNA expression in 6 cancer cell lines (MCF-7, 
M231, LN229, U87, SGC-7901 and U251). We found that 
β3GnT8 expression in the LN229, SGC-7901 and U251 cell 
lines was higher than that in the other cell lines. Therefore, we 
established β3GnT8-knockdown cell lines derived from the 
LN229 and SGC-7901 cell lines to examine the level of poly-
lactosamine and CD147 N-glycosylation. In addition, 
tunicamycin is widely used as an inhibitor of N-linked glyco-
sylation. Hence, various concentrations of tunicamycin were 
used to treat the cells in order to study its influence on CD147 
N-glycosylation and MMP-2 expression. In conclusion, we 
found that β3GnT8 regulated the level of N-glycans on CD147 
and that N-glycosylation of CD147 has an important effect on 
MMP-2 expression. Our findings suggest that β3GnT8 affects 
the signal transduction pathway of MMP-2 by altering the 
N-glycan structure of CD147.

Introduction

Glycosylation is one of the most common post-translational 
modifications. Many previous studies have concluded that 
aberrant glycosylation of cell surface glycoproteins is asso-
ciated with the invasive and metastatic behavior of tumor 
cells (1). These oligosaccharides are synthesized by the 
sequential action of glycosyltransferases localized in the 
endoplasmic reticulum (ER) and Golgi apparatus. β-1,3-N-
acetylglucosaminyltransferase-8 (β3GnT8), a member of the 
β3GnT family, is involved in the biosynthesis of polylactos-
amine chains on β1-6-branched N-glycans in vitro (2-4). 
It transfers GlcNAc to the tetraantennary non-reducing 
terminus of N-glycans to form a polylactosamine structure 
in vitro (Fig. 1). Polylactosamine comprises repeated (Galβ1-
4GlcNAcβ1-3)n, and attaches to O-glycans, N-glycans or 
glycolipids. Polylactosamine is often modified to carry 
important carbohydrate structures such as Lewis-related anti-
gens (5-7) and the HNK-1 antigen (8), and has many major 
roles in physiological functions.

Previous research in our laboratory confirmed the ability 
of β3GnT8 to modulate matrix metalloproteinase-2 (MMP-2) 
in AGS gastric cancer cells and elucidated the related mecha-
nisms (9). We found that siRNA-mediated suppression of 
β3GnT8 directly reduced MMP-2 expression and activity as 
assessed by RT-PCR, western blotting and gelatin zymog-
raphy. Moreover, a cell invasion assay using Matrigel-coated 
Transwell inserts showed that the invasive ability was greatly 
suppressed in β3GnT8 siRNA-transfected cells. Furthermore, 
cells overexpressing the β3GnT8 gene (when transfected 
with the pEGFP-C1-β3GnT8 plasmid) exhibited upregulated 
MMP-2 gene expression, and the invasive ability of these 
cells was also enhanced. Protein-protein interaction analysis 
using the STRING database showed that β3GnT8 and MMP-2 
may have a related signaling pathway. Therefore, our results 
may reveal a new mechanism by which β3GnT8 can regulate 
MMP-2 expression to affect tumor progression (9). However, 
MMP-2 is not a glycoprotein. Thus, we hypothesized that 
β3GnT8 affects cellular signal transduction by altering the 
glycan structure of various glycoproteins on the cell surface, 
which further influences expression of MMP-2. This detailed 
signal transduction pathway is yet unknown.
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The molecule CD147 (basigin/EMMPRIN, extracellular 
matrix metalloproteinase inducer) is a cell surface trans-
membrane glycoprotein which is highly expressed in tumor 
cells (10-12). CD147 consists of two immunoglobulin domains 
in the extracellular region: a single transmembrane domain 
and a short cytoplasmic domain containing 39 aa. The extra-
cellular region of CD147 contains three Asn glycosylation 
sites, and the N-glycosylation sites make similar contributions 
to both high and low glycoforms of CD147 (HG-CD147 and 
LG-CD147). The different glycosylation pattern of the native 
28-kDa protein accounts for its variable molecular weight, 
ranging between 44 and 66 kDa (10). HG-CD147 (~40-60 kDa) 
contains a complex-type carbohydrate, and LG-CD147 
(~32 kDa) contains the mannose form. It is well known that the 
carbohydrate side chain is then processed in the ER and Golgi 
network to produce a mature glycoprotein that is exported 
through the secretory machinery to the plasma membrane (13). 
After CD147 enters the Golgi complex, it can mature via two 
possible pathways (11,14,15). Previous studies have confirmed 
that modulation of CD147 is associated with the expression 
of MMPs in normal or tumor tissues (16,17). This suggests 
that this CD147-mediated MMP induction could be a common 
mechanism in physiological or pathological situations. Many 
studies have confirmed that CD147 induces MMP expression 
via Rac1-mediated PI3K/Akt/IKK-dependent IκB-α degrada-
tion and NF-κB activation, and by MKK7/JNK-dependent 
AP-1 activation (14,18,19). It has also been confirmed that 
only the high glycosylated CD147, except purified deglycosyl-

ated CD147 and LG-CD147, determines MMP stimulatory 
activity (11,12,17,20) (Fig. 2). Moreover, excess HG-CD147 
glycosylation is attributed to β1-6-branched N-glycan to form 
polylactosamine content.

β3GnT8 catalyzes and then extends a polylactosamine 
chain specifically on β1-6-branched tetra-antennary N-glycans 
(15,21). It has been cloned and characterized by us and other 
groups (3,22). In the present study, we designed a series of 
experiments to investigate whether β3GnT8 plays an important 
role in CD147 signal transduction as an upstream modulator of 
MMP production in tumor cells.

Materials and methods

Materials. The human glioma cell lines U251, LN229 and 
U87; human breast adenocarcinoma cell lines MCF and M231 
and human gastric cancer cell line AGS were obtained from 
the American Type Culture Collection (ATCC; Rockville, 
MD, USA). The human gastric cancer cell line SGC-7901 
was obtained from the Institute of Biochemistry and Cell 
Biology, Chinese Academy of Science. Anti-human β3GnT8 
polyclonal antibody was produced from rabbits in our labora-
tory. Anti-CD147 polyclonal and anti-β-actin antibodies were 
purchased from Santa Cruz Biotechnology. Anti-rabbit-HRP, 
anti-goat-HRP and anti-mouse-HRP secondary antibodies 
were purchased from Beyotime. Lycopersicon esculentum 
(tomato; LEA) and phycoerythrin streptavidin were purchased 
from Sigma-Aldrich. Other reagents were commercially avail-
able in China.

Cell culture. The human glioma cell lines U251, LN229 and 
U87 were cultured in Dulbecco's modified Eagle's medium 
(DMEM, high glucose; Gibco-BRL) supplemented with 10% 
fetal bovine serum (FBS). The human gastric cancer SGC7901 
cell line and human breast adenocarcinoma MCF and M231 
cell lines were cultured in RPMI-1640 medium supplemented 
with 10% FBS. All cell lines were cultured in a humidified 
atmosphere with 5% CO2 at 37˚C.

Semi-quantitative reverse transcription-polymerase chain 
reaction (RT-PCR). Total-RNA was extracted from the various 
cancer cell lines described above, using TRIzol (Gibco-BRL), 
according to the manufacturer's instructions. Complementary 
DNA (cDNA) was generated from total-RNA using M-MLV 
reverse transcriptase (MBI, Fermentas, Lithuania). The PCR 
conditions were as follows: initial denaturing at 95˚C for 
5 min, 30 cycles of denaturing at 95˚C for 30 sec, annealing 
at 60˚C for 45 sec, elongation at 72˚C for 1 min, and finally at 
72˚C for 10 min. The annealing temperature for β3GnT8 was 
60˚C; for MMP-2, 55˚C and for β-actin, 53˚C.

Figure 1. β3GnT8 is clearly responsible for polylactosamine synthesis.

Figure 2. After CD147 enters the Golgi complex, it can mature via two possible 
pathways to produce the low glycoform of CD147 (LG-CD147) or the high 
glycoform of CD147 (HG-CD147). ER, endoplasmic reticulum.



ONCOLOGY REPORTS  32:  1156-1162,  20141158

Specific primers (Invitrogen) used for the genes and the 
expected product sizes were as follows: 5'-GGCCTGACCTA 
GACTCACTAGTG-3' (sense) and 5'-CGCAGTGCGGTCT 
GCTGGCCAG-3' (antisense) for β3GnT8 (518 bp); 5'-AACC 
CTCAGAGCCACCCCTA-3' (sense) and 5'-GTGCATACAAA 
GCAAACTGC-3' (antisense) for MMP-2 (286 bp); 5'-GAG 
CTACGAGCTGCCTGACG-3' (sense) and 5'-CCTAGAAGC 
ATTTGCGGTGG-3' (antisense) for β-actin (416 bp). The PCR 
products were separated by electrophoresis on 10 g/l agarose 
gel and visualized by ethidium bromide staining.

Lipofectamine-mediated cell transfection. Cells (LN229,  
SGC-7901, U251) were seeded in a 6-well plate at a 
density of 60-70%. After 12 h, they were transfected with 
pSilencircle-β3GnT8Scr and pSilencircle-β3GnT8Si using 
Lipofectamine™ 2000 transfection reagent according to the 
manufacturer's protocol, followed by selection with G418 
(500 µg/ml). Additionally, untransfected cells served as the 
control. The stable cells were correspondingly named T8Scr 
and T8Si, and untransfected cells were named NC.

Western blot analysis. Western blot analysis was conducted 
using standard methods. Protein was extracted from the cell 
lysates using ice-cold radioimmunoprecipitation assay (RIPA)
lysis buffer (50 mM Tris pH 7.4, 150 mM NaCl, 1% NP-40, 
0.5% sodium deoxycholate, 0.1% SDS, sodium orthovanadate, 
sodium fluoride, EDTA and leupeptin) supplemented with 
1 mM PMSF. The protein concentration in the cell lysates was 
determined using a protein assay kit (KeyGEN Biotech, China). 
An equal amount of protein from each sample was mixed with 
4X loading buffer (250 mM Tris-HCl, 40% glycerol, 5% SDS, 
0.005% bromophenol blue and 100 mM DTT) and denatured 
for 5 min at 100˚C. Total proteins were then separated by 
SDS/polyacrylamide gel electrophoresis (10% acrylamide 
gel) and transferred onto polyvinylidene fluoride (PVDF) 
membranes that had been pretreated with methanol. The 
membranes were blocked for 1 h at room temperature in 
PBS-T (PBS with 0.05% Tween-20™) containing 5% skim 
milk. The proteins were analyzed using specific antibodies 
as indicated. Blots were incubated overnight at 4˚C with the 
primary antibodies against β3GnT8 (1:400), CD147 (1:300) 
and β-actin (1:1,000). After removal of the primary antibody, 
the blots were incubated for 1 h at room temperature with goat 
anti-rabbit, donkey anti-goat, rabbit anti-mouse IgG (1:1,000) 
horseradish peroxidase (HRP)-conjugated secondary anti-
bodies. For detection, enhanced chemiluminescence was 
used according to the manufacturer's instructions (ECL Plus 
Detection System, Beyotime).

Flow cytometry. To detect the presence or absence of certain 
carbohydrate determinants, the stable cells (LN229 and 
SGC-7901) and NC, T8Scr and T8Si cells were stained with 
plant lectin and analyzed by flow cytometry (FACScan; BD 
Biosciences). Approximately 5x105 cells were incubated for 
2 h at room temperature in 500 µl of assay buffer (10 mM 
HEPES, 0.15 M NaCl, 0.08% NaN3, 0.1 mM CaCl2 and 1% 
BSA pH 7.5) containing biotinylated lectin (Sigma-Aldrich) 
and LEA lectin (20 µg/ml). Lectin-stained cells were washed 
with TPBS (PBS + 0.05% Tween-20) and incubated with 
streptavidin-R-phycoerythrin (0.4 µg/ml; Sigma-Aldrich) for 

1 h at room temperature in 500 µl of assay buffer (0.01 M 
phosphate-buffered saline pH 7.4, 1% BSA and 15 mM sodium 
azide). The cell suspensions were washed in TPBS in 300 µl 
PBS containing 1% BSA and analyzed for fluorescent intensity 
by flow cytometry.

Immunofluorescent staining. Expression of certain carbo-
hydrate determinants was determined by f luorescence 
microscopy. The stable cells LN229, NC, T8Scr and T8Si 
were fixed with 4% paraformaldehyde for 30 min at room 
temperature, followed by permeabilization with 0.2% Triton 
X-100 in PBS and blocking of non-specific binding with 
Carbo-Free™ blocking solution (Vector) for 30 min at room 
temperature. Biotinylated LEA lectin (20 µg/ml) in assay 
buffer (10 mM HEPES, 0.15 M NaCl, 0.08% NaN3, 0.1 mM 
CaCl2, 1% BSA pH 7.5) was applied to the LN229 cells and 
incubated for 2 h at room temperature. After being washed 
with TPBS (PBS + 0.05% Tween-20), the LN229 cells were 
incubated with Streptavidin-R-phycoerythrin (0.4 µg/ml) for 
1 h at room temperature in assay buffer (0.01 M PBS pH 7.4, 
1% BSA and 15 mM sodium azide). After being washed with 
TPBS, images were obtained using an inverted fluorescence 
microscope combined with a digital camera.

Regulation of CD147 glycosylation and MMP-2 expression by 
tunicamycin. Briefly, in vitro, the cells (SGC-7901 and U251) 
were seeded in 6-well plate and pre-incubated overnight. The 
cells were washed once with PBS and cultured for 24 h in 
fresh culture media in the absence or presence of tunicamycin 
in a dose-dependent manner (0, 2.5, 5 µg/ml). The cells were 
harvested, and CD147 and MMP-2 expression was determined 
by western blotting and RT-PCR analysis.

Analysis of protein-protein interaction (PPI) networks of 
CD147 and MMPs using the STRING database. STRING 
is a database of known and predicted protein interactions. 
The interactions include direct (physical) and indirect (func-
tional) associations. They are derived from four sources: 
genomic context, high-throughput experiments, coexpression 
(conserved) and previous knowledge. STRING quantitatively 
integrates interaction data from these sources for a large 
number of organisms, and transfers the information between 
these organisms where applicable. The database currently 
covers 5,214,234 proteins from 1,133 organisms. We set out 
to study the PPI network derived from an analysis of the 
STRING database showing that CD147 and MMPs have a 
related signaling pathway.

Statistical analyses. Statistical analysis was performed using 
SPSS 13.0 software®. Results are expressed as mean ± SD. 
Statistical significance was evaluated for data from three 
independent experiments using the Student's t-test. P<0.05 was 
considered to indicate a statistically significant difference.

Results

β3GnT8 mRNA expression in 6 cancer cell lines (MCF-7, 
M231, LN229, U87, SGC-7901 and U251). As shown in 
Fig. 3A, the β3GnT8 mRNA expression level in the LN229, 
SGC-7901 and U251 cells was higher than that in the other cell 
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lines. Hence, these three cell lines with high β3GnT8 expres-
sion were chosen to study the relationship between β3GnT8 
and CD147 glycosylation.

Establishment of β3GnT8 downregulation in SGC-7901 
and LN229 cells. To investigate whether β3GnT8 plays an 
important role in the CD147 signal transduction pathway as 
an upstream modulator of MMP production in tumor cells, 
we constructed two β3GnT8-knockdown cell lines derived 
from SGC-7901 and LN229 cells, and measured the mRNA 
and protein expression levels by RT-PCR and western blot-
ting, respectively. As shown in Fig. 3B-a, the β3GnT8 
transcripts were decreased in the T8Si SGC-7901 cells when 
compared with its control groups (P<0.05). Similar to the 
RT-PCR results, the β3GnT8 protein was markedly reduced 
in the T8Si SGC-7901 and T8Si LN229 cell lines (Fig. 3B-b 
and -c; P<0.05). These results revealed that we successfully 
constructed two β3GnT8-knockdown cell lines derived from 
SGC-7901 and LN229.

Biosynthesis of polylactosamine following β3GnT8 down-
regulation in the SGC-7901 and LN229 cells. To determine 
the enzymatic activity of β3GnT8 in vivo, the two constructed 
β3GnT8-knockdown cell lines, SGC-7901 and LN229, were 
used in this experiment. Cell surface expression of carbohy-
drate chains were detected by flow cytometric analysis and 
immunofluorescent staining using LEA lectin, which can 
recognize the polylactosamine chain of N-glycans. As shown in 

Fig. 3C, compared with the β3GnT8Scr transfectants and NC, 
the β3GnT8Si transfectants of SGC-7901 and LN229 exhibited 
reduced levels of LEA lectin (P<0.05). Immunofluorescent 
staining was performed to observe the alteration of carbo-
hydrate chains in the LN229 cells. Similar to the results of 
the flow cytometric analysis, the fluorescence intensity of 
the T8Si cell groups was apparently weaker when compared 
with the Scr and NC transfectants when incubated with LEA 
lectin against polylactosamine (Fig. 3D, P<0.05). These results 
indicate that β3GnT8 is involved in the biosynthesis of poly-
lactosamine chains on the β1-6-branched N-glycans.

β3GnT8 regulates CD147 glycosylation following β3GnT8 
downregulation of the SGC-7901 and LN229 cells. To verify 
whether β3GnT8 regulates CD147 glycosylation, the two previ-
ously constructed SGC-7901 and LN229 cell lines with β3GnT8 
downregulation were also tested in the experiment. As shown 
in Fig. 4, the T8Si SGC-7901 and T8Si LN229 cells exhibited 
a direct reduction in the levels of HG-CD147 protein compared 
with the T8Scr transfectants and NC groups (P<0.05).

Characterization of LG-CD147 and HG-CD147 forms in the 
U251 and SGC-7901 cells. Western blot analysis revealed 
that a large amount of CD147 was highly expressed in the 
U251 and SGC-7901 cells as indicated by broad bands with 
apparent molecular weights ranging from 32 to 65 kDa, 
which are characteristic of CD147 polypeptides with exten-
sive and heterogeneous glycosylation. Variability in CD147 

Figure 3. β3GnT8 is involved in the biosynthesis of polylactosamine chains. (A) β3GnT8 mRNA expression level in the 6 cancer cell lines. (B) β3GnT8 
knockdown in the SGC-7901 and LN229 cell lines. (a) RT-PCR of β3GnT8 in the transfected SGC-7901 cell line. (b) Western blot analysis of β3GnT8 in 
the transfected SGC-7901 cell line. (c) Western blot analysis of β3GnT8 in the transfected LN229 cell line. (C) Flow cytometric analysis of SGC-7901 and 
LN229 cells transfected with the β3GnT8-knockdown gene. (a) SGC-7901 cells: red region, without lectin on the cell surface; deep blue region, NC; purple-red 
region, T8Scr; green region, T8 Si. (b) LN229 cells: first white region, without lectin on the cell surface; second white region, NC; purple region, T8Scr; gray-
blue region, T8Si. (D) Immunofluorescent staining analysis of the LN229 cells tansfected with the β3GnT8 siRNA gene. The experiments are representative 
of three independent experiments with similar results. 
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N-glycosylation was detected (Fig. 5A). Obviously, CD147 was 
present in the U251 and SGC-7901 cells as a high glycosylated 
(HG) form migrating at ~45-65 kDa and as a low glycosyl-
ated (LG) form migrating at ~32-44 kDa, depending on the 
glycosylation of the core protein (27 kDa).

Effect of tunicamycin on CD147 glycosylation and MMP-2 
expression in U251 and SGC-7901 cells. Western blot analysis 
revealed that CD147 did have two different forms: a high 
glycosylated (HG) form and a low glycosylated (LG) form. 
U251 and SGC-7901 cells were treated with various concen-
trations of tunicamycin, an inhibitor of N-linked glycosylation 
of newly synthesized proteins, for 24 h. As shown in Fig. 5B, 
following tunicamycin treatment in U251 and SGC-7901 cells, 
a single new band of molecular weight (27 kDa) consistent with 
the size of the core protein was visualized by western blotting 
(P<0.05). These results suggest that N-linked glycosylation of 
CD147 was highly sensitive to the inhibition of tunicamycin.

Analysis of protein-protein interaction (PPI) networks of 
CD147 and MMPs. We studied the interacting neighbors of 
CD147 [also called basigin (BSG)] using the STRING database. 
As shown in Fig. 6, the analysis of protein-protein interaction 
(PPI) networks of CD147 and MMPs was derived from an 
analysis of the STRING database. The results revealed that 
CD147 has a related signaling pathway with MMPs including 
MMP-1, MMP-2, MMP-3, MMP-7, MMP-9, MMP-11 and 
MMP-14.

Discussion

The complex carbohydrate chains of glycoproteins (O-glycans 
and N-glycans), glycolipids and proteoglycans represent 
secondary gene products formed through the reactions of 
numerous glycosyltransferases. Aberrant carbohydration 
by the related glycosyltransferases plays an important role 
in cell-cell and cell-molecular recognition, such as receptor 
combination, signaling pathway and molecular, which may 
lead to a variety of biological alterations in cells (24).

The β3GnT familly contains 7 members (β3GnT2, 
β3GnT3, β3GnT4, β3GnT5, β3GnT6, β3GnT7 and β3GnT8) 
which are able to catalyze the initiation and elongation of 
polylactosamine chains. However, they exhibit a different 
substrate specificity dependent on the length of the poly-
lactosamine chain (25,26). All β3GnTs, namely β3GnT2, 
β3GnT3, β3GnT4, β3GnT5, β3GnT7 and β3GnT8, except for 
β3GnT6, can transfer GlcNAc to Gal to synthesize a poly-
lactosamine chain. However, each differs in its preference 
for acceptor molecules, i.e., core 1 O-glycan, glycolipids or 
keratan sulfate (KS). Each enzyme may have distinct roles 
in physiological processes. Notably, β3GnT8 was cloned and 
characterized by various groups, including ours, as being 
involved in the biosynthesis of polylactosamine chains on 
β1-6-branched N-glycans in vitro (3,22). It has been reported 
that β1-6-branched N-glycans containing polylactosamine act 
on a variety of malignant phenotypes of tumor cells, affecting 
cell proliferation (27) and metastatic potential (28-30).

Figure 4. β3GnT8 regulates the glycosylation of CD147 in the transfected LN229 and SGC-7901 cells. (A) In the LN229 cells, the level of glycosylation on 
CD147 is shown in the NC, T8Scr and T8Si groups by western blotting. (B) In the SGC-7901 cells, the level of glycosylation on CD147 is shown in the NC, 
T8Scr and T8Si groups by western blotting. The experiments are representative of three independent experiments with similar results. 

Figure 5. Analysis of the forms of HG-CD147 and LG-CD147 by western blot analysis and effect of tunicamycin on CD147 N-glycosylation and MMP-2 
expression  in U251 and SGC-7901 cells. (A) HG-CD147 and LG-CD147 forms as determined by western blot analysis in the U251 and SGC-7901 cells. 
(B) Effect of tunicamycin on CD147 N-glycosylation in the U251 and SGC-7901 cells as determined by western blot analysis. (C) Effect of tunicamycin on 
MMP-2 expression in the U251 and SGC-7901 cells as determined by RT-PCR. The experiments are representative of three independent experiments with 
similar results. 
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Previous studies have demonstrated the ability of β3GnT8 
to modulate matrix metalloproteinase-2 (MMP-2) in AGS 
gastric cancer cells and the possible mechanism involved (9,23). 
However, the detailed signal transduction pathway is still 
unknown. In the present study, we found that β3GnT8 plays an 
important role in the CD147 signal transduction pathway as an 
upstream modulator of MMP production in the tumor micro-
environment. We found that β3GnT8 is widely expressed in 
several different types of cancer cell lines by RT-PCR analysis 
(Fig. 3A). In addition, Lipofectamine-mediated siRNA knock-
down of β3GnT8 was successfully conducted in the LN229 
and SGC-7901 cell lines for use in our further experiments 
(Fig. 3B). After β3GnT8 was downregulated in LN229 and 
SGC-7901 cell lines, the levels of polylactosamine chains 
were markedly reduced, when compared with the control 
groups by flow cytometric analysis (Fig. 3C). Similarly, 
immunofluorescent staining analysis demonstrated that the 
cell surface polylactosamine chains of the β3GnT8Si transfec-
tants was visibly weaker when compared to the control groups 
(Fig. 3D). These results indicate that β3GnT8 is involved in 
the biosynthesis of polylactosamine chains. Moreover, it has 
been reported that glycoprotein CD147 has LG-CD147 and 
HG-CD147 forms (10,16). Studies have confirmed that excess 
CD147 glycosylation is attributable to β1-6-branches to form 
polylactosamine content (11). Thus, it was hypothesized that 
β3GnT8 is involved in the biosynthesis of polylactosamine 
chains on the HG form of CD147. To demonstrate the validity of 
this hypothesis, previously constructed β3GnT8 siRNA knock-
down LN229 and SGC-7901 cell lines were used. As evident 

from Fig. 4, the cells transfected with β3GnT8 siRNA exhib-
ited a direct reduction in the levels of HG-CD147 protein when 
compared with levels in the control groups (Fig. 4A and B). 
In addition, a previous study showed that N-glycosylation of 
CD147, particularly the β1-6-branched N-glycans contributes 
to MMP-inducing activity in tumor cells (20). Tumicamycin 
is widely used as an inhibitor of N-linked glycosylation that 
blocks the initial step in glycoprotein synthesis, thus blocking 
the synthesis of all N-linked glycoproteins (31). Hence, various 
concentrations of tunicamycin were used in this experiment 
to study its influence on CD147 N-glycosylation and MMP-2 
expression. As shown in Fig. 5A, LG-CD147 and HG-CD147 
forms were detected in the U251 and SGC-7901 cell lines by 
western blot analysis. Following tumicamycin treatment, the 
levels of HG-CD147 and LG-CD147 decreased considerably, 
and a single new band of molecular weight, consistent with the 
size of the core protein-CD147, appeared, as compared with 
the control groups (Fig. 5B). Meanwhile, the expression of 
MMP-2 almost disappeared following tumicamycin treatment, 
when compared with the level in the control groups (Fig. 5C). 
This may indicate that the LG-CD147 and HG-CD147 forms 
are present in cancer cells, and further play a role in tumor 
progression, including promotion of MMP-2 expression. 
However, once the glycosylation part of CD147 decreased 
or disappeared to the core protein-CD147, it lost the func-
tion of promoting MMP-2 expression. Previous studies have 
shown that inhibition of N-linked glycosylation reduces Akt 
phosphorylation in U251 cells (13). Previously, we found that 
CD147 N-glycosylation regulates MMP expression through 

Figure 6. Analysis of protein-protein interaction (PPI) networks of CD147 [also termed basigin (BSG)] and MMPs. CD147 has a related signaling pathway with 
MMPs including MMP-1, MMP-2, MMP-3, MMP-7, MMP-9, MMP-11 and MMP-14 based on an analysis of the STRING database. 
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numerous possible pathways; one is Akt-dependent IκB-α 
degradation (14). We speculated that N-glycosylation levels of 
CD147 play an important role in MMP-2 expression through 
Akt signal transduction. In general, from these results, we 
demonstrated that the level of CD147 N-glycosylation mainly 
contains β1-6-branched polylactosamine, which were cata-
lyzed by β3GnT8. In addition, the N-glycans of CD147 are 
important to determine its MMP-2 stimulating expression.

In summary, the present study demonstrated that β3GnT8 
is involved in the biosynthesis of polylactosamine, which regu-
lates CD147 N-glycosylation and further influences MMP-2 
expression in tumor cells. Therefore, we demonstrated that 
β3GnT8 may play an important role in the CD147 signal 
transduction pathway as an upstream modulator of MMP-2 
production in tumor cells. Thus, this pathway may serve as a 
therapeutic target in preventing tumor progression.
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