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Abstract N-acetylglucosaminyltransferase (GnT)-IV a is
a key enzyme that catalyzes the formation of the
GlcNAC β1-4 branch on the core structure of complex
N-Glycans, which is the common substrate for other N-
acetylglucosaminyltransferases, such as GnT-III and
GnT-V. Our recent study indicates that the expression
of GnT-IVa in Hca-F cells was much higher than that in
Hepa1-6 cells, these two mouse hepatocarcinoma cell
lines have high and no metastatic potential in lymph
nodes respectively. To investigate the effects of GnT-IVa
on the metastasis of hepatocarcinoma, exogenous GnT-
IVa was introduced into Hepa1-6 cells, and on the other
hand, the expression of GnT-IVa was down-regulated in
Hca-F cells. The engineered overexpression of GnT-IVa
in Hepa1-6 cells increased the antennary branches of
complex N-glycans and reduced bisecting branches in
vitro and in vivo, which leads to the increase in migra-
tion and metastatic capability of hepatocarcinoma cells.
Conversely, down-regulated expression of GnT-IVa in
Hca-F cells showed reduced tetra-antennary branches
of N-Glycans, and significantly decreased the migration
and metastatic capability. Furthermore, we found that
the regulated GnT-IVa converts the heterogeneous N-
glycosylated forms of CD147 in Hepa1-6 and Hca-F
cells, and significantly changed the antennary oligosac-
charide structures on CD147. These results suggest that
GnT-IVa could be acting as a key role in migration and
metastasis of mouse hepatocarcinoma cells through al-
tering the glycosylation of CD147. These findings

should be valuable in delineating the important function
of GnT-IVa during the process of hepatocarcinoma
growth and metastasis.
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Abbreviations
GnT N-acetylglucosaminyltransferase
Mgat4 Mannoside acetylglucosaminyltransferase 4
GAPDH Glyceraldehyde phosphate dehydrogenase
L-PHA Phaseolus vulgaris Leucoagglutinin
E-PHA Phaseolus vulgaris Erythroagglutinin
ConA Concanavalin A
RT-PCR Reverse transcription-polymerase chain reaction
PBS 10 mM phosphate-buffered saline (pH 7.4)
SDS Sodium Dodecyl Sulfate
FITC Fluorescein isothiocyanate
FCM Flow Cytometry
CBB Coomassie brilliant blue
HRP Horseradish peroxidase

Introduction

ComplexN-glycans play very important roles inmany different
biological events, such as embryonic development, growth and
cell differentiation. Biosynthesis of complex N-glycans are
catalyzed by the action of N-acetylglucosaminyltransferases
(GnTs) in the medial-Golgi apparatus, which add antennae
branching structures on a common core structure of
Man3GlcNAc2. The Mgat4a-encoded GnT-IVa glycosyltrans-
ferase is one of two isozymes that are primarily responsible for
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the formation of the GlcNAC β1-4 branch on the GlcNAc β1-
2Man α1-3 arm of the core structure on N-Glycans [1–3]. This
distinct N-glycan branch catalyzed by GnT-IVa is the common
substrate for GnT-III and GnT-V [4]. Therefore, GnT-IVa is one
of the key glycosyltransferases regulating formation of tri- and
other multiantennary structures (Fig. 1). It is well known that
cancer invasion and metastasis is often accompanied by an
aberrant oligosaccharide expression of glycoproteins in tumor
cells. Many studies show that alterations in N-linked oligosac-
charides of tumor cells are related to carcinogenesis, invasion
and metastasis [5–8]. For example, GnT-V, which catalyzes the
formation of β1-6GlcNAc branching on N-Glycans, is closely
associated with malignant transformations [9–12], while GnT-
III prevents the metastatic spreading of cancer cells [6, 13–15],
which catalyzes the bisecting structure in N-Glycans. Studies
have shown that GnT-IVa was involved in many different
diseases including type 2 diabetes [16, 17], choriocarcinoma
[18] and pancreatic cancer [19]. However, the relationship
between GnT-IVa expression and metastasis of hepatocarci-
noma has been investigated in very few studies [20]. Our recent
study indicates that the expression of GnT-IVa in Hca-F cells
was much higher than that in Hepa1-6 cells, these two mouse
hepatocarcinoma cell lines have high and no metastatic poten-
tial in lymph nodes, respectively. Here, we explore the possi-
bility that expression levels of GnT-IVa affect the metastatic
potential of mouse hepatoma cells.

CD147, also named Extracellular Matrix Metalloproteinase
Inducer (EMMPRIN), is a plasma transmembrane glycoprotein
widely expressed on many cell types, and its expression is
relatively high in many tumor cells [21, 22]. Studies indicate
that tumor cell CD147 leads to increased tumor growth and
metastasis by stimulating the production of multiple matrix
metalloproteinases (MMPs) [23, 24], which can degrade extra-
cellular matrix. CD147 contains two extracellular Ig domains,

which have three Asn glycosylation sites. Because of the
heterogeneous N-glycosylation, CD147 shows both high gly-
cosylated (HG)-CD147 (~40–60 kDa), and a low glycosylated
(LG) -CD147 (~32 kDa) form. Wei Tang et al. reported that all
CD147 glycosylation is N-linked, with HG-CD147 containing
complex-type carbohydrates and LG-CD147 containing the
high-mannose form [25].

In our previous study, CD147 was detected in mouse
hepatocarcinoma Hca-F and Hepa1-6 cell lines. The results
clearly indicated that HG-CD147 was mainly found in Hca-F
cells, but weakly expressed in Hepa1-6 cells. On the contrary,
LG-CD147 expression level was much higher in Hepa1-6
cells than in Hca-F cells [26]. Therefore, the HG-CD147
expression may contribute to lymphatic metastatic potential
of mouse hepatocarcinoma cells. Quite interestingly, we found
that GnT-IVa expression in Hepa1-6 cells is almost absent, but
show high level in Hca-F. Taken together, high GnT-IVa
expression is accompanied by a higher HG-CD147 form in
Hca-F cells, which has high metastatic potential in lymph
nodes, while low GnT-IVa expression comes with the LG-
CD147 expression and shows no lymph nodes metastatic
potential in Hepa1-6 cells. Thus, there should be a linkage
between the GnT-IVa expression and the metastatic potential
in mouse hepatoma cells.

In this study, the exogenous GnT-IVa was introduced in
Hepa1-6 cells, which show very less GnT-IVa expression. On
the other hand, the expression of GnT-IVa was down-regulated
in Hca-F cells by lentivirus induced RNA interference. We
undertook studies to identify the relationship between the func-
tion of GnT-IVa and lymphatic metastatic potential in mouse
hepatoma cells and to determine whether the GnT-IVa expres-
sion affects the heterogeneously glycosylated forms of CD147.

Materials and methods

Cell culture

Mouse hepatocarcinomaHca-F cell line (established and stored
by Department of Pathology, Dalian Medical University) was
cultured in 90 % RPMI-1640 (Gibco) supplemented with 1 %
penicillin/streptomycin antibiotics (Gibco) and 10 % fetal bo-
vine serum (Gibco) [27, 28]. Hepa1-6 cell line was obtained
from cell bank of Chinese Academy Typical Culture Collec-
tion, and maintained in DMEM (Gibco) with 10% fetal bovine
serum (Gibco) containing 1% penicillin/streptomycin. All cells
were cultured in a humidified incubator at 37 °Cwith 5%CO2.

Quantitative RT-PCR assay

For the quantification of GnT-IVa in hepatoma cells, real-time
RT-PCR was employed. Total RNAs were prepared using the
RNAiso Reagent Plus (Takara). cDNAs were synthesized

Fig. 1 The antennary structure of N-glycan catalyzed by GnTs. GnT-
IV produces β1-4 branch on complex N-Glycan, while GnT-III and
GnT-V catalyze the formation of bisecting and β1-6 branches on
N-Glycan respectively
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using SYBR® PrimeScriptTM RT-PCR kit (Takara). A stan-
dard curve for GnT-IVa was generated by the serial dilution
using EASY dilution reagent (Takara). The primers were as
follows: GnT-IVa-F 5′-CCACTGCGCTGGTATTTGTCAC-
3′, GnT-IVa-R 5′-CTATGCTCGGCCACTCGAAGA-3′;
GAPDH-F 5 ′-AAATGGTGAAGGTCGGTGTG-3 ′ ,
GAPDH-R 5′-TGAAGGGGTCGTTGATGG-3′. Primers
and cDNAs were added to Takara PCR thermal cycler dice
real time system (Takara), which contained all reagents
required for PCR.

Construction of overexpression vector

The whole coding region of Mgat4a was cloned into the
pMD18-T Simple Vector (Takara) and then sub-cloned into
a pcDNA3.1 expression vector (Invitrogen) resulting in
pcDNA3.1/GnT-IVa. GnT-IVa cell line was constructed by
transfecting the expression plasmid (pcDNA3.1/GnT-IVa)
into Hepa1-6 cells. Empty vector pcDNA3.1 was also trans-
fected as a mock. Stable GnT-IVa over-expression cell
clones were selected with selection medium containing
800 μg/ml G418 and confirmed by GnT-IVa expression at
mRNA and protein levels.

Construction of siRNA and retroviral infection

Short hairpin interfering oligonucleotides specific for GnT-IVa
were designed on the openbiosystemwebsite. The oligonucleo-
tides were annealed and then ligated into pLL3.7 vector (Addg-
ene). To obtain the lentivirus, two package plasmids were
transfected into human embryonic kidney 293 T cells with
constructed pLL3.7/GnT-IVa vector simultaneously using lip-
iofectamine2000 kit (Invitrogen) according to the manufac-
turer’s protocol. Empty lentiviral vector acts as mock. The
retroviral supernatant was collected 48 h after transfection.
Mouse Hca-F cells were infected with the viral supernatant
with 8 μg/ml polybrene (Sigma). Down-regulation of GnT-IVa
in Hca-F cells was confirmed and named GnT-IVa i.

Semi-quantitative RT-PCR analysis

Total RNA was prepared from cells using TRIzol reagent
(Invitrogen). 5 μg of total RNA was reverse transcribed into
cDNA using AMV with oligo (dT) as a primer. Amplified
cDNA by rTag DNA polymerase (Takara) in PCR reaction
using the following specific primer sets: GnT-IVa-F: 5′-
CAGCTAGCATGAGGCTCCGAAATGGAAC-3′ and GnT-
IVa-R 5′- GAGGTACCCACTGGTGACTTTAATATG-3′;
GAPDH-F: 5-ATCTCTGCCCCCTCTGCTGA-3′, and
GAPDH-R: 5′-GATGACCTTGCCCACAGCCT-3′. The
PCR products were electrophoresed in 1 % agarose gel. Band
intensities were measured using Bioimaging systems (UVP,
labworksTM).

Western blot assay

Cells were washed with phosphate-buffered saline (PBS)
twice and lysed with ice-cold lysis buffer (10 mM Tris–
HCl (pH 7.8), 1 % NP-40, 0.15 M NaCl, 1 mM EDTA and a
mixture of protease inhibitors). The cell lysates were centri-
fuged at 14,000 g for 15 min at 4 °C. The supernatant was
collected and protein concentration was determined by BCA
kit (Pierce). Equal amount of proteins were separated by
10 % or 8 % SDS-PAGE, respectively. Then, proteins were
transferred to nitrocellulose membrane. The membrane was
blocked in Tris-buffered saline (TBS) with 5 % nonfat milk
for 1 h at room temperature, followed by incubation with
appropriate primary antibodies at 4 °C overnight, After
washing in TBS-Tween 20 buffer, membranes were incu-
bated for 2 h with the appropriate peroxidase-conjugated
secondary antibodies. After washing in TBS-Tween 20 buffer,
the protein bands on the membranes were visualized using
ECL kit (GE healthcare).

Lectin blot analysis

Cells were harvested and lysed, proteins extracted from the
cells were electrophoresed on 8 % SDS-PAGE and protein-
blotted nitrocellulose membranes were prepared in exactly
the same way as described for western blot. After blocking
with Carbo-Free Blocking Solution (Vector labs), the mem-
brane was incubated with 2 μg/ml various biotinylated lectins
(Vector labs) for 30 min. Reactive bands were detected with a
diluted horseradish peroxidase (HRP) conjugated streptavidin
(Vector labs), and then visualized using ECL system (GE
Healthcare).

Immunoprecipitation

Cells in 10-cm dishes were collected and lysed in RIPA
buffer (50 mM Tris (pH 7.4), 1 % NP-40, 0.15 M NaCl,
1 % Triton X-100, 1 mM EDTA, 1 % sodium deoxycholate,
0.1 % SDS and a mixture of protease inhibitors). Mouse
polyclonal antibody against CD147 (Santa Cruz) was incu-
bated with the cell lysis at 4 °C overnight in lysis buffer. The
immunoprecipitates were washed twice with cold lysis buffer,
followed by incubation with Sepharose Protein A (GE Health-
care), which had been prewashed with PBS containing 1 %
BSA. Finally, the beads were washed, boiled, centrifuged and
the recovered samples were run on 8 % SDS-PAGE for lectin
blot as described above.

Transwell migration assay

To evaluate cell migration capability, transwell plates (Corn-
ing Incorporated) with a filter of 6.5 mm diameter and
8.0 μm pore size were used [29]. Transwell chambers were
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inserted into 24-well plate. 1×105 cells were plated in
the upper compartment in 200 μl serum free medium
per chamber, and 500 μl of complete medium was
added to the lower wells. The chambers were incubated
for 24 h at 37 °C in 5 % CO2 to allow cells to migrate
from the upper chamber to the lower well. Cells migrat-
ing through the pores and adherent on the undersurface of the
membrane were stained with crystal violet. The number of cells
was counted under a microscope at×200 magnification. Data
were obtained from three individual experiments performed in
triplicate.

Flow cytometry (FCM) analysis

Cells were treated with trypsin and centrifuged at 800 rpm
for 5 min. Cell pellets were suspended in 100 μl PBS with
Triton X-100 for 5 min, then, FITC-labeled lectins, includ-
ing L-PHA and E-PHA, were added to a final concentration
of 2 μg/ml and incubated at room temperature for 30 min.
For the detection of GnT-IVa expression, first the primary
anti GnT-IVa antibody was added to the cell lysis, washed
with PBS followed by TRITC-labeled secondary antibody.
After rinsed twice with cold PBS, fluorescent analysis was
performed using a FACScalibur (Becton Dickinson). Only
live cells were established as gates, unstained cells served as
controls.

Wound-healing assay

Wound healing assay was performed as previously
reported [30, 31]. Briefly, cells were plated in a 12-well
plate and incubated overnight yielding confluent mono-
layers. Wounds were made using a pipette tip and photo-
graphs taken immediately (time zero) and 16 h after
wounding. The area migrated by the cell monolayer to
close the injury line was measured. Experiments were
carried out in the three neighboring wells and repeated at least
three times.

Soft-agar colony-formation assay

To determine the transformation potential of the cells,
colony-formation assay was performed in 6-cm dishes (in
triplicate). The bottom layer of medium containing 10 %
fetal bovine serum, 1 % penicillin and streptomycin with
agar (low melt 0.7 %) was poured first, after solidifying, this
is followed by a top layer containing the same medium with
1.2 % agar, mixed with 1,000 cells. The plates were placed
in a humidified incubator at 37 °C with 5 % CO2 for
2 weeks. The plates were photographed and the numbers
of distinct colonies (≥50 cells per colony) were counted
under a light microscope. The results averaged for each
treatment group.

In vivo animal experiments

1 × 106 cells of GnT-IVa transfectant and wild type
were injected subcutaneously into the right flanks of
C57L/J mice. After 2 weeks, the mice were sacrificed.
The tumors were isolated, weighed, sectioned, and stained
with hematoxylin and eosin. The GnT-IVa and CD147 expres-
sion were detected by immunohistochemistry and lectin
histochemistry

Hematoxylin and eosin (HE) staining,
immunohistochemistry and lectin histochemistry

Tumor specimens were fixed in 10 % formalin and
embedded in paraffin. Paraffin specimens were cut at a
thickness of 4 μm. For HE Staining, paraffin-embedded
sections were deparaffinized in xylene and rehydrated
through graduate ethanol to water, after staining with
Mayer’s hematoxylin for 15 min, the slides were washed in
running tap water for 20 min. Counterstaining with eosin for
about 30 s followed by dehydration in 95 % and 100 %
alcohol, sections were observed under light microscope after
clear in xylene.

Immunohistochemical staining was performed using the
streptavidin-peroxidase conjugated method (SP method). En-
dogenous peroxidase activity was blocked by incubation with
0.3 % H2O2, and nonspecific immunoglobulin binding was
blocked by incubation with 10% normal goat serum. Sections
were incubated at 4 °C overnight with diluted primary anti-
body. The sections were rinsed and incubated with the bio-
tinylated secondary antibody. After washing, the sections
were incubated with HRP conjugated streptavidin, and finally
treated with 3′3-diaminobenzidine tetrahydrochloride. The
sections were stained by 3′3-diaminobenzidine (DAB) to vi-
sualize antigen-antibody complex. The nuclei were then coun-
terstained with Mayer’s hematoxylin.

The expression of branching asparagine-linked oligosac-
charides was analyzed by lectin histochemistry described in
a previous study [32]. The procedures were almost the same
with immunohistochemistry. Briefly, without incubation
with biotinylated secondary antibody, the biotinylated lectin
including L-PHA and E-PHA react with HRP conjugated
streptavidin directly. Final staining was performed also with
DAB. All the slides were observed under microscope and
photographed.

Statistical analysis

Statistical analyses were performed using SPSS 13.0 software.
Each assay was performed at least three times. Data were
expressed as mean ± S.D. Student’s t-test was used to evaluate
the significance of data. P values <0.05 were considered as
statistically significant.
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Results

GnT-IVa expression in hepatoma cells

Mgat4a encoded gene expression of GnT-IVa was
detected in different lymphatic potential hepatocarci-
noma cell lines Hepa1-6 and Hca-F. The expression of
GnT-IVa was much higher in Hca-F cells than that in
Hepa1-6 cells (Fig. 2). Thus, the expression of GnT-IVa
tends to be related to the lymphatic potential in hepatoma
cells.

Overexpression of GnT-IVa in Hepa1-6 cells

The whole CDS region of Mgat4a gene was cloned into the
pcDNA3.1 expression vector and then resulting in Hepa1-6/
GnT-IVa cells. The empty pcDNA3.1 vector was transfected
into Hepa1-6 cells as Mock. RT-PCR (Fig. 3a) and western
blot (Fig. 3b) analyses showed the stable over-expression of
GnT-IVa in Hepa1-6 cell line.

Down regulation of GnT-IVa in Hca-F cells

After retroviral infection, infected Hca-F cells were har-
vested and the expression of GnT-IVa was measured by
RT-PCR. This data showed the GnT-IVa was down-
regulated by 80 % compared with those in wild type and
mock cells (Fig. 4a). FCM analysis also showed significant-
ly silenced GnT-IVa expression in Hca-F cells (GnT-IVa i)
after the retroviral infection (Fig. 4b).

Alteration of oligosaccharide structures affected by GnT-IVa
expression

Glycosylation of glycoproteins with N-acetylglucosamine
(GlcNAc) is a dynamic protein modification [33]. The sep-
arated glycoproteins were transferred onto nitrogen mem-
brane and then stained using HRP-L-PHA and HRP-E-
PHA. These results revealed that the antennary branches
on glycoproteins were altered by different GnT-IVa expres-
sion level. The intensity of HRP-L-PHA staining in Hepa1-
6/GnT-IVa cells was significantly increased, while E-PHA
signal decreased (Fig. 5a). FCM assay show the consistent
alteration of oligosaccharide structures with lectin blot anal-
ysis (Fig. 5b). On the contrary, HRP-L-PHA staining
decreased with silenced GnT-IVa expression in Hca-F
cells (GnT-IVa i), but no significant change of HRP-E-
PHA signal (Fig. 5c). These data indicated that the
oligosaccharide structures of N-glycans in glycoproteins were
altered generally, due to the expression of GnT-IVa in mouse
hepatoma cells.

The effects of GnT-IVa on metastatic capability in vitro

We assessed the effect of GnT-IVa on tumor metastatic
capability by transwell assay system. As shown, GnT-IVa
overexpression in Hepa1-6 cells has a greater potential to
migrate than wild type and mock cells. In contrast, migra-
tion of Hca-F cells with silenced GnT-IVa expression was
impeded compared to that of wild type and mock (Fig. 6a
and b). Likewise, in wound-healing assay, within 16 h after
scratching, the Hepa1-6/GnT-IVa-seeded plates were more
completely healed than those of wild type and mock cells
(Fig. 6c and d). Soft-agar colony-formation assay in vitro
further confirm the effect of GnT-IVa on tumor meta-
static capability. As shown that the colony numbers and
size of GnT-IVa i cells were apparently less and smaller
than those of Hca-F and mock cells. While more and
larger colonies formed in GnT-IVa overexpressed group
(Fig. 6e and f). Taken together, the data suggest that the
expression of GnT-IVa markedly affects cell migration and
tumorigenicity.

Effect of GnT-IVa on glycosylation of CD147

Western blot analysis revealed that almost no HG-CD147 ex-
pression in Hepa1-6 cells and mock group, but greater amounts
of HG forms of CD147 were observed in GnT-IVa stable over-
expressed cells, while in Hca-F,Mock and GnT-IVa i cells, HG-
CD147 expression reduced apparently with silenced GnT-IVa
expression compared to wild type and mock (Fig. 7a). Further-
more, after the immunoprecipitation with anti-CD147 antibody,
variability of antennary branches in the CD147N-glycosylation
was detected by lectin blot with L-PHA and E-PHA staining.

Fig. 2 Quantitative RT-PCR analysis of GnT-IVa transcript in
Hca-F and Hepa1-6 cells. The relative amount of GnT-IVa tran-
script was normalized to the amount of GAPDH transcript. Data
were obtained from triplicate experiments and are indicated as
means ± S.D. **P<0.01
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The data showed that there are increased β1-6GlcNAc
branches and decreased bisecting branches on CD147 in over-
expressed GnT-IVa cell line, down-regulation of GnT-IVa in
Hca-F cells results in decreased β1-6GlcNAc branching but
bisecting branching remains the same on CD147 (Fig. 7b).
Lectin blot assay from total cell lysate protein revealed the
similar results (Fig. 5a and c). Therefore, the variation of
antennary branches on CD147 indicated that CD147 would
be a target glycoprotein affected by GnT-IVa.

GnT-IVa regulates N-glycans in vivo

Tumors were isolated from mice after the injection of cells in
right flanks. The tumor tissues are apparently larger in the GnT-
IVa group than that in wild type Heap1-6 (Fig. 8a). Higher
expression of GnT-IVawas detected by immumohistochemistry

in tumor sections, whereas the wild type group showed weak
GnT-IVa immunosatining (Fig. 8b). Next, we examined the
expression of branching oligosaccharides by lectin histochem-
istry in the same sections, simultaneously. Tumor cells with
higher GnT-IVa expression showed strong L-PHA staining and
very weak E-PHA. In contrast, the L-PHA signal was weak and
the E-PHA staining strong in wild type tumors (Fig. 8c), even
though there was no significant change of CD147 (Fig. 8b).
These results were consistent with those of lectin blot analysis
in vitro (Fig. 5a).

Discussion

N-acetylglucosaminyltransferase (GnT) -IV is one of the
members of GnT family, which catalyze the formation of

Fig. 4 Downregulation of
GnT-IVa in Hca-F cells. a The
relative expression of GnT-IVa
was measured by RT-PCR. The
data show the silencing GnT-IVa
expression in Hca-F cells. GnT-
IVa i-1, 2, 3 represent infected
Hca-F groups with different
lentivirus/siRNA sequences. b
FCM analysis also show
significantly silenced GnT-IVa
expression in Hca-F cells.
TRITC-labeled secondary
antibody was used to detect the
fluorescence signal. *P<0.05

Fig. 3 Identification of the GnT-IVa overexpression in heap1-6 cells.
Hepa1-6 cells were stably transfected with the pcDNA3.1/GnT-IVa and
empty plasmids. GnT-IVa mRNA and protein content were analyzed by
RT-PCR and western blot assay respectively. Mock, empty vector

transfectants; C1 to C4 represents transfected pcDNA3.1/GnT-IVa stable
cell clones. GAPDH was used as control. a Overexpressed GnT-IVa was
identified by RT-PCR. b Detection of GnT-IVa protein expression by
western blot . *p<0.05
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branching structures in complex N-glycans in the Golgi appa-
ratus. At least, six different types of GnTs (GnT-I to VI) have
been cloned and characterized [2, 34–37]. GnT-IV catalyzes

the transfer of GlcNAc from UDP-GlcNAc to Manα1-3 arm
of the common core structure, thus result in a β1-4 branch.
The regulation of GnT-IV expression has been investigated

Fig. 5 Analyses of oligosaccharide structures by lectin blot and FCM
assay. a In Hepa1-6, Mock and GnT-IVa overexpressed hepa1-6 cells
(GnT-IVa), the oligosaccharide structures were detected by lectin bolt
assay with HRP labeled L-PHA and E-PHA lectin. Mock, Hepa1-6 cells
transfected with pcDNA3.1 vector. b FITC-labeled L-PHA and E-PHA
lectin were measured by FCM analysis(pink and blue line represents

Hepa1-6 cells and Mock cells respectively. Green area means the altered
FITC signal in GnT-IVa group). FCM assay show the consistent alteration
of oligosaccharide structures with lectin blot analysis. c Lectin blot assay
was performed in Hca-F cells. Mock, empty letivirus infected Hca-F
cells; CBB stain as control
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during oncogenesis and differentiation. The aberrant antenn-
ary sugar chains with GlcNAc β1-4 Manα1-3 branch
appeared in human chorionic gonadotropin (hCG) from cho-
riocarcinoma patients, and the increased GnT-IV activity has
been found in choriocarcinoma [38, 39]. Upregulated GnT-IV
activity has also been reported in human hepatoma tissue [40].
Two isoenzymes of GnT-IV (GnT-IVa and GnT-IVb) have

been identified and study showed that GnT-IVa is more active
than GnT-IVb. Therefore, it is GnT-IVa that primarily contrib-
utes to the biosynthesis ofβ1-4 branch of N-glycans, although
northern blot analysis revealed that GnT-IVb is more
expressed in tissues than GnT-IVa [3]. On the other hand,
the relationship between the numbers of antennae in complex
N-glycans of mammalian cells and the expression of GnTs has
been extensively observed. Especially, studies on GnT-III and
GnT-Vshow the contrast functions. It has been reported that
GnT-Vexpression levels involved in cell-matrix adhesion, cell
migration and invasion, furthermore, enhance the carcinogen-
esis and tumor metastatic potential [41–44]. While, GnT-III
might play a very important role in antagonizing the function
of GnT-V because of the formation of bisecting oligosaccha-
ride structure in complex N-glycans [14, 45]. However, the
roles of GnT-IVa in tumor metastatic potential have been
studied in very few works. Thus, we focus our study on the
regulation of GnT-IVa expression during oncogenesis and
metastasis in mouse hepatocarcinoma cells.

We choose the Hepa1-6 and Hca-F cell lines because of
their different metastatic and invasive properties. Hca-F cells
have highly invasive and metastatic potential in lymph nodes,
while, Hepa1-6 cells do not. Northern blot analysis showed
higher GnT-IVexpression in lymphoid tissues such as spleen,
thymus, lymph node, and peripheral blood leukocytes [46].
Interestingly, our present investigation demonstrated that Hca-
F cells express very high GnT-IVa compared to that in Hepa1-
6 cells (Fig. 2). Therefore, these two mouse hepatocarcinoma
cell lines would be well as a model to detect whether the
expression of GnT-IVa correlates with aberrant N-glycans
associated with the development of metastasis in hepatocarci-
noma. In this study, after stable transfection of Hepa1-6 cells
with exogenous GnT-IVa cDNA, dramatic improvement on
migration and transformation potential has been found both in
vitro and in vivo. On the other hand, the results show that the
inhibition of migration was associated with down-regulated
GnT-IVa expression in Hca-F cells.

Whether the above biological effects are due to the alter-
ation of antennary oligosaccharide branches in complex N-
glycans is a question? The product formed by GnT-IVa catal-
ysis serves as the common substrate for other GnTs, such as
GnT-III and -V. Our results indicated that overexpression of
GnT-IVa leads to the increase of β1-6 sugar branches and the
decrease of bisecting structure in Hepa1-6 cells. By contrast,
decreased β1-6 oligosaccharide structure is observed in GnT-
IVa silenced Hca-F cells when compared to the wild type and
mock cells. However, there is no effect of down-regulated
GnT-IVa on bisecting sugar in Hca-F cells. These findings
suggest that GnT-IVa may have a key role in the formation of
the complicated antennary structures in complex N-glycans
via interaction with other GnTs. GnT-IV gene is located on
chromosome 2, band q12. Data shows that the human GnT-
Vgene (2q21) is located in close proximity to GnT-IV [35],

Fig. 7 Western blot and immunoprecipitation plus lectin blot were
performed. aWestern blot show that GnT-IVa converts LG and HG-CD
147 from in heap1-6 and Hca-F cells, while the downregulated GnT-
IVa in Hca-F cells leads to the decrease of HG-CD147. b After
immunoprecipitation using antiCD-147 antibody-protein A beads com-
plex, lectin blot results show the increased β1-6 antennary oligosac-
charide sugar chains and the decreased bisecting branch on the
CD147. On the contrary, weak L-PHA staining signal represents
decreased β1-6 antennary oligosaccharide sugar chains on the CD-147
with downregulated GnT-IVa in Hca-F cells, but no change of E-PHA
staining signal

Fig. 6 Cell metastatic capability detection. a Cells were seeded into a
transwell chamber. The cells that migrated through membrane were
fixed and stained with 0.1 % crystal violet and then examined under a
light microscope. Representative examples were photographed at 200 x
magnification. b The number of migrating cells was determined by
counting the stained cells. Mock, transfected Hepa1-6 cells with empty
vector and Hca-F cells infected with empty lentivirus. c In Hepa1-6,
Mock and GnT-IVa cells, an injury line was made on a confluent
monolayer of cells. Cell motility was examined with a light microscope
(40 x) at the indicated time points (0 and 16 h). d The wounding area
was quantified. e Colony-formation assay was performed in 6 cm
dishes, each plate contain 4,000 indicated cells. After incubation
at 37 °C in 5 % CO2, cells colonies were photographed. f
Colonies were counted under the microscope according to diam-
eter (small, less than 0.3 mm; middle, 0.3 mm~0.6 mm; large, more than
0.6 mm). Data expressed as the mean ± S.D. from 3 independent experi-
ments. *P<0.05
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and the human GnT-IV gene has multiple exons similar to
GnT-III [47] and -V [48]. The amino acid sequence identity
between human and mouse is 94 %, such a high conservation
of GnT-IVamino acid sequence suggests that a highly restrict-
ed protein structure is required for recognizing an 1, 3 mon-
oxide and several GlcNAc branches of acceptor complex N-
glycans [49]. It is noteworthy in our study that the engineered
overexpression of GnT-IVa in Hepa1-6 cells affected the
expression of GnT-III and -V significantly (data not shown).
The sequence for translational initiation of human GnT-IV
does not fully satisfy the Kozak consensus sequence [50].
All these features may suggest that, for these three GnTs, there
should be a correct order in catalyzing the formation of
antennary branches in complex N-glycans, or perhaps, they
share the same transcription factors which regulate the gene
expression during the transcription initiation process. All these
aspects will require further study.

Our previous study showed that CD147 correlates with HG
form contribute to lymphatic metastasis potential in mouse
hepatocarcinoma cells [51]. The data clearly indicated that

CD147 was strongly expressed on Hca-F cells with lymphatic
metastatic potential but less on Hepa1-6 cells without lym-
phatic metastatic potential. Significantly, greater amounts of
HG-CD147 were observed, relative to the LG forms in Hca-F
cells. However, the HG-CD147 was relatively scarce while
the LG form CD147 was common in Hepa1-6 cells. Further-
more, immunoprecipitation and L-PHA lectin blot analyses
showed that β1-6 branches were observed on CD147 in Hca-
F cells but very weak L-PHA signal been detected on CD147
in Hepa1-6 cells (data not show). In this study, exogenous
GnT-IVa caused dramatic alteration of the glycosylated forms
on CD147 and enhanced the L-PHA signal on CD147.

In conclusion, the exogenous expression of in GnT-IVa in
Hepa1-6 cells increased their antennary oligosaccharide struc-
ture and exhibited enhanced migration and transformation
potential both in vitro and in vivo. In addition, CD147 in
Hepa1-6 cells converse from LG to HG-CD147 form. In
contrast, down-regulation of GnT-IVa in Hca-F cells showed
reduced antennary branches of N-Glycans, and significantly
decreased the migration and metastatic capability in vitro.Our

Fig. 8 The wide type and GnT-IVa overexpressed Hepa1-6 cells were
injected in the back of C57L/J mouse. After 2 weeks, mice are sacri-
ficed and tumors were isolated from mice, photographed and treated. a
Sacrificed mouse and the isolated tumor were measured by size and
weight. b 4 μm-thick tumor sections were stained with routinely HE
staining (upper panel), less micovessels in wide type group (upper
panel). Anti GnT-IVa antibody and anti CD147 antibody was detected
by immunohistochemistry respectively. c Lectin histochemistry was

performed with ConA, E-PHA and L-PHA lectin. The result show that
increased GnT-IVa expression was found in Hepa1-6/GnT-IVa mouse
tumor with increased L-PHA staining and decreased E-PHA staining.
d-f SP method was used to detect the signal and IOD density was
measured using image pro plus system. Representative photos were
taken under Olympus lighter microscope at 400 x magnification. Bars
represent the mean ± S.D. *P<0.05
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results suggest that expression of GnT-IVa may affect the
metastatic potential of mouse hepatoma cells through glyco-
sylation of CD147.
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