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a1,6-Fucosyltransferase (Fut8), an enzyme that catalyzes the introduc-
tion of α1,6 core fucose to the innermost N-acetylglucosamine residue
of the N-glycan, has been implicated in the development, immune
system, and tumorigenesis. We found that α1,6-fucosyltransferase
and E-cadherin expression levels are significantly elevated in primary
colorectal cancer samples. Interestingly, low molecular weight
population of E-cadherin appeared as well as normal sized E-cadherin
in cancer samples. To investigate the correlation between α1,6-
fucosyltransferase and E-cadherin expression, we introduced α1,6-
fucosyltransferase in WiDr human colon carcinoma cells. It was
revealed that the low molecular weight population of E-cadherin
was significantly increased in α1,6-fucosyltransferase-transfected
WiDr cells in dense culture, which resulted in an enhancement in
cell–cell adhesion. The transfection of mutated a1,6-fucosyltransferase
with no enzymatic activity had no effect on E-cadherin expression,
indicating that core fucosylation is involved in the phenomena. In α1,6-
fucosyltransferase knock down mouse pancreatic acinar cell carcinoma
TGP49 cells, the expression of E-cadherin and E-cadherin dependent cell–
cell adhesion was decreased. The introduction of α1,6-fucosyltransferase
into kidney epithelial cells from α1,6-fucosyltransferase –/– mice
restored the expression of E-cadherin and E-cadherin-dependent
cell–cell adhesion. Based on the results of lectin blotting, peptide N-
glycosidase F treatment, and pulse-chase studies, it was demonstrated
that the low molecular weight population of E-cadherin contains
peptide N-glycosidase F insensitive sugar chains, and the turnover rate
of E-cadherin was reduced in α1,6-Fucosyltransferase transfectants.
Thus, it was suggested that core fucosylation regulates the processing
of oligosaccharides and turnover of E-cadherin. These results suggest
a possible role of core fucosylation in the regulation of cell–cell
adhesion in cancer. (Cancer Sci 2009; 100: 888–895)

It is generally accepted that glycosylation affects many properties
of glycoproteins, including their conformation, flexibility, and

hydrophilicity. As a result, it regulates protein sorting, stability,
and protein–protein interactions.(1–5) N-Glycans have a common
core structure, and their branching patterns are determined
by glycosyltransferases.(6,7) Fut8 is an enzyme that catalyzes
the introduction of α1,6 core fucose on the asparagine-branched
N-acetylglucosamine residue of the chitobiose unit of complex-
type N-glycans.(8,9) Fut8 has been investigated especially in terms
of oncogenesis, since the α1,6-fucosylation of α-fetoprotein is a
well-known marker of hepatocellular carcinoma.(10) In previous
studies, our group reported that Fut8 expression is markedly
enhanced in several types of cancer cell lines(11) rat hepatoma
tissues(12) and in ovarian serous adenocarcinoma cells.(13)

E-cadherin is a 120 kDa type I membrane protein, which
belongs to the class of calcium-dependent cell adhesion molecules.(14)

It mediates cell–cell adhesion through the assembly of multiprotein
complexes linked to the actin cytoskeleton.(15) Several models
have been proposed to date for the cadherin homophilic interac-
tions. Examples include the “linear zipper model”, which involves
Trp-mediated cis dimers and trans interactions between the
outermost domains,(16) a Trp-dimer model, which involves the
formation of a Trp-mediated trans-homophilic bond,(17) a model
which involves cis-dimerization at the Ca2+-binding site,(18) and
a model that invokes extensive overlap between ectodomains in
the adhesive binding interface.(19,20) The extracellular domain of
human E-cadherin consists of five repeats of about 110 amino
acid residues, referred to as EC1 through 5, and contains four
potential N-glycosylation sites, two each in EC4 and EC5. It is
synthesized in the form of a precursor polypeptide that is
glycosylated and the precursor is then processed to the mature
polypeptide.(21–23) It has previously been reported that cells
expressing unprocessed E-cadherin by mutating recognition
site(s) for processing protease showed no E-cadherin-dependent
mediated adhesion.(24)

Our previous studies demonstrated that the introduction of
GnT-III and the addition of bisecting GlcNAc residues, products
of GnT-III, to E-cadherin down-regulated tyrosine phosphoryla-
tion of β-catenin, enhanced cell–cell adhesion mediated by E-
cadherin, and suppressed lung metastasis in mouse melanoma
cells.(25,26) Consistent with these results, Guo et al. also reported
that the overexpression of GnT-V, which competes with GnT-III
for biantennary substrates, decreased cadherin-mediated cell–
cell adhesion.(27) On the other hand, the overexpression of Fut8
in hepatoma cells suppressed intrahepatic metastasis after
splenic injection into athymic mice.(28) Liwosz et al. reported
that the status of N-glycosylation of E-cadherin is altered in a
cell density-dependent manner, and the loss of complex type
of N-glycan reduces the molecular weight of E-cadherin and
enhanced its preferential association with the actin cytoskeleton,
leading to the stabilization of E-cadherin scaffolds.(29) These
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studies suggest that N-glycans play a role in modulating E-
cadherin status. In the present study, we found that Fut8 and
E-cadherin protein levels are significantly increased in colorectal
cancer samples. E-cadherin in Fut8 transfected WiDr cells, Fut8
knocked down cells, and Fut8 deficient cells from Fut8–/– mice
were examined and our results demonstrate that the activity of
Fut8 is involved in the appearance of a low molecular weight
population of E-cadherin and regulates the total amount of E-
cadherin. We propose the possible involvement of core fucosyla-
tion in changing the N-glycosylation patterns of E-cadherin, the
subsequent stabilization of cell–cell contacts, and the regulation
of metastatic potential.

Materials and Methods

Human tissues samples. All experiments were approved by
ethical committees both in Osaka University and Osaka National
Hospital. Tissues from six cases of primary colorectal cancer
were surgically resected (Table 1). Written informed consent was
obtained from each patient before surgery. The excised samples
were obtained within 1 h after the operation from tumor tissues
and corresponding non-tumor tissues 5–10 cm remote from the
tumor. All of the excised tissues were placed immediately in
liquid nitrogen and stored at –80°C until additional analysis.

Cell lines, culture, and transfection. Human colon carcinoma
WiDr cells were obtained from the American Type Culture
Collection (Rockville, MD, USA) and were maintained in
DMEM supplemented with 10% FBS. A Fut8 expression vector
was constructed by inserting the open reading frame of human
Fut8 cDNA into a mammalian expression vector pCXN2 which
was regulated by the β-actin promoter. Mutant Fut8, which had
no enzymatic activity, was produced by mutating arginine 365 to
alanine.(30) WiDr cells were transfected with pCXN2/Fut8 or
pCXN2/R365A Fut8 or pCXN2 by using Lipofectamine 2000
(Invitrogen, Carlsbad, CA, USA) according to the manufacturer’s
instructions. Selection was performed by 2-week incubation in
medium containing G418, and G418-resistant colonies were
isolated and recloned by serial dilution to ensure clonality.
Fut8 knocked down mouse pancreatic aciuar cell catcinoma TGP49
cells were prepared as described previously.(31) Fut8 deficient
kidney epithelial cells were prepared from Fut8–/– mice as
described previously.(32) The cells were serum starved for 8 h
before harvest to achieve the cell cycle synchronization.

Activity assay of Fut8. The enzymatic activity of Fut8 was
measured by high-performance liquid chromatography using a
fluorescence-labeled sugar chain as the substrate, as previously
described.(33) A standard mixture included 80 mM MES-NaOH
(pH 7.0), 0.5% Triton X-100, 2 μM 4-(2-pyridylamino)butylamine-
labeled sugar chain, and 50 μM GDP-Fucose. After incubation
at 37°C for 2 h, the reaction was terminated by incubating at
100°C for 1 min. The samples were then centrifuged at 15 000 g
for 10 min and applied to high-performance liquid chromatography
on a TSK-gel, ODS-80TM column (4.6 × 150 mm) (Tosho,
Tokyo, Japan). Elution was performed at 55°C with 20 mM
sodium acetate buffer, pH 4.0, 0.1% butanol, in an isocratic

manner. Fluorescence of the column elutes was detected with a
fluorescence spectrometer (model RF 535; Shimadzu Corp.,
Kyoto, Japan), the excitation and emission wavelengths being
320 and 400 nm, respectively.

Protein extraction, immunoprecipitation, and western blotting.
Frozen tissue samples were homogenized in 5 vol. of lysis
buffer (20 mM Tris-HCl, pH 7.4, 150 mM NaCl, 5 mM ethy-
lenediaminetetraacetic acid, 1% [w/v] Nonidet P-40, 10% [w/v]
glycerol, 5 mM sodium pyrophosphate, 10 mM NaF, 1 mM
sodium orthovanadate, 10 mM β-glycerophosphate, 1 mM
phenylmethylsulfonyl fluoride, 2 μg/mL aprotinin, 5 μg/mL
leupeptin, and 1 mM dithiothreitol) using Polytron homogenizer
(Kinematica, Littau-Luzern, Switzerland). After centrifugation
(15 000 g) for 20 min at 4°C the supernatant were collected.
Cell cultures were rinsed twice with ice-cold PBS and harvested
in lysis buffer. Protein concentrations were determined using a
Protein Assay CBB kit (Nacalai Tesque, Kyoto, Japan). For the
immunoprecipitation of E-cadherin, whole cell lysates (500 μg)
were incubated with 4 μg of mouse anti-E-cadherin antibody
(610182; BD Bioscience, San Jose, CA, USA) for 2 h at 4°C,
and then with 20 μL of Protein G Sepharose 4 Fast Flow (GE
Healthcare Biosciences, Buckinghamshire, UK) for 4 h at 4°C.
For western blot analysis, protein samples or immunoprecipitates
were subjected to SDS-PAGE, and transferred to nitrocellulose
membranes (Schleicher & Schuell, Dassel, Germany). Mouse
anti-E-cadherin antibody (610182; BD Bioscience) or mouse anti-
Fut8 antibody(34) was used as primary antibodies. Immunoreactive
bands were visualized using an enhanced chemiluminescence
kit (GE Healthcare Biosciences).

Cell surface biotinylation and immunoprecipitation of E-cadherin.
Cell surface biotinylation was performed as described previously.(35)

Briefly, cells were incubated with sulfosuccinimidobiotin (s-NHS-
biotin; Pierce, Rockford, IL, USA) (1 mg/mL) for 10 min on
ice, and the reaction was quenched with 50 mM NH4Cl. The cell
lysate was immunoprecipitated with anti-E-cadherin antibody as
described above. The biotinylated proteins were visualized using
a Vectastain ABC kit (Vector Laboratories, Burlingame, CA,
USA) and an enhanced chemiluminescence kit.

Lectin blot analysis. Lectin blot analysis was performed as
described previously.(36) The immunoprecipitated E-cadherin
was electrophoresed on 8% SDS-PAGE and transferred to
nitrocellulose membranes. The membrane was blocked with 5%
BSA (w/v) and then incubated with 2 μg/mL of biotinylated
AAL, DSA, or ConA lectin (Seikagaku Corp., Tokyo, Japan) for
30 min at room temperature. After washing, lectin reactive proteins
were detected using a Vectastain ABC kit and an enhanced
chemiluminescence kit.

Reverse transcription–polymerase chain reaction (RT-PCR) and
quantitative real-time PCR. Total RNA was prepared from WiDr
cells. cDNAs were synthesized using an SYBY RT-PCR kit
(Perfect Real Time; Takara-Bio Inc., Otsu, Japan) and Reverse
Transcription Reagent (Takara-Bio Inc.) according to the
manufacturer’s instructions. A random hexamer was used for
cDNA synthesis. Real-time PCR was performed using the
SYBR RT-PCR kit and was analyzed on Smart Cycler II system
(Cepheid, Sunnyvale, CA, USA). Human E-cadherin was amplified
using the primers, sense (5′-GGATTGCAAATTCCTGCCATTC-
3′) and antisense (5′-AACGTTGTCCCGGGTGTCA-3′). GAPDH
was amplified as a control using the primers, sense (5′-ATTG-
CCCTCAACGACCACTT-3′) and antisense (5′-AGGTCCACCA-
CCCTGTTGCT-3′). The levels of gene expression were determined
using a Delta-Delta Ct method.(37)

Immunofluorescence microscopy. Cells were plated on poly L-
lysine-coated glass bottom dish, fixed by incubation with PBS
containing 4% paraformaldehyde for 10 min at room temperature
and permeabilized in PBS containing 0.1% Triton X-100 for
1 min. After washing with PBS three times for 15 min each, the
cells were incubated in ECCD-2 (monoclonal antibody to mouse

Table 1. Clinical features of patients with colorectal cancer

Sample number Age Sex Location† Dukes’ stages

1 71 Female A C
2 41 Male R B
3 77 Male R B
4 87 Male T B
5 69 Male S C
6 71 Male A D

†A, ascending colon; R, rectum; S, sigmoid colon; T, transverse colon.
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E-cadherin M108; Takara-Bio Inc.) (1:100 dilution) for 1 h at
room temperature. Primary antibody binding was detected with
a fluorescein isothiocyanate-labeled goat antibody to mouse
IgG. Glass bottom dishes were mounted under Permafluor
aqueous mounting medium and the stained cells were viewed with
a laser scanning confocal microscope (Carl Zeiss, Jena, Germany).

Cell aggregation assay. Cells were washed twice with PBS and
dissociated by incubation with PBS containing 2 mM EDTA for
30 min at 37°C. Single cell suspensions were prepared, washed,
and resuspended in DMEM containing 1% (w/v) BSA. 1 × 106

cells were incubated on a rotation apparatus for 3 h at 37°C. In
some experiments, 2 mM EDTA or 100 μg/mL HECD-1 (M106
monoclonal antibody to human E-cadherin; Takara-Bio Inc.)
was added. At the end of the incubation, cells were diluted into
single wells of a 24-well plate to prevent further aggregation.
After allowing cells to settle for 40 min at 37°C, an equal
volume of 7.4% formaldehyde in PBS was added to each well
and the plate was incubated for 10 min at room temperature.
Photos were taken at random under a phase contrast microscope
to count single cells or cell aggregates (four or more cells).

Peptide N-glycosidase F (PNGase F) treatment. Whole cell lysates
were boiled in 0.1 M 2-mercaptoethanol and 0.1% SDS for
10 min. After boiling, the 50 μg of proteins were incubated for
16 h at 37°C with 100 mM Tris-HCl (pH 8.6), 1% NP-40, and
40 mU/mL PNGase F (Takara Bio Inc.). Then the samples were
subjected to 6% SDS-PAGE as described above.

Metabolic labeling and pulse chase study. Eighty-percent con-
fluent monolayers of Fut8 and mock transfectants in 6-well
dishes were preincubated for 2 h at 37°C with methionine,
cysteine-free DMEM (Sigma) containing dialyzed 10% FBS.
For pulse chase studies, L-[35S]methionine and L-[35S]cysteine (Pro-
mix; GE Healthcare Biosciences) were added at a concentration
of 200 μCi/mL each to the culture media and incubated for
20 min at 37°C for protein labeling. After rinsing three times
with PBS, the cells were incubated at 0, 8, 24, and 32 h in
DMEM with 10% FBS. Another experiment was performed
under conditions of a long-pulse and a long-chase. For the long-
pulse, L-[35S]methionine and L-[35S]cysteine were added at a
concentration of 50 μCi/mL each to the culture media, followed
by incubation for 24 h at 37°C for protein labeling, and after
rinsing, the cells were incubated at 0, 24, and 48 h in DMEM
with 10% FBS. E-cadherin was immunoprecipitated and sub-
jected to 8% SDS-PAGE. After electrophoresis, the gel was
autoradiographed using imaging plates and a BAS-2500 system
(FujiFilm, Tokyo, Japan).

Results

E-cadherin and Fut8 expression were increased in primary
colorectal cancers. Abnormal cell–cell adhesion that is observed
in many types of cancer could result from the changes in E-
cadherin expression. We examined Fut8 and E-cadherin
expression levels in primary colorectal cancer, and found that
they are significantly increased in five out of six examined
samples (Fig. 1). Low molecular weight population of E-
cadherin appeared as well as normal sized E-cadherin only in
the cancer samples. The relative expression levels of Fut8 and
E-cadherin in five samples are 3.5–29 and 3.3–11, respectively.

Establishment of WiDr clones stably expressing Fut8. To investigate
the correlation between Fut8 and E-cadherin expression, we
introduced Fut8 in WiDr human colon carcinoma cells in which
Fut8 expression levels are low. WiDr cells were transfected
with pCXN2/FUT8 or pCXN2, and G418-resistant clones were
selected as described under “Materials and Methods”. The
selected Fut8 transfected clones showed elevated enzymatic
activities, as 560, 470 and 190 nmol/h/mg protein, respectively.
The following experiments were performed with three clones
and similar results were observed for all data.

Analysis of E-cadherin in the Fut8 transfected WiDr cells. Western
blotting showed that the expression level of E-cadherin in Fut8
transfectants was increased, especially in high-density cultures
(~11 × 104 cells/cm2) when compared to low density cultures
(~3 × 104 cells/cm2) (Fig. 2a). In high-density cultures, a low
molecular weight population of E-cadherin appeared in the Fut8
transfectants, in addition to the band with the same molecular
weight as that in mock transfectants. We also established
mutated Fut8 (R365A Fut8) which had no enzymatic activity,
and examined its transfectants. Western blotting showed that the
lower band was not expressed, even in high-density cultures,
suggesting that the Fut8 activity was involved in the appearance
of the low molecular weight form of E-cadherin (Fig. 2a). It was
confirmed that both of the bands in Fut8 transfectants are
expressed at the cell surface of Fut8 transfectants (Fig. 2b). A
lectin blot analysis indicated that both bands in the Fut8
transfectants reacted with AAL, which binds preferentially to
fucose linked α1,6 to GlcNAc although it binds to fucose linked
α1,3 to N-acetyllactosamine as well (Fig. 2c). The results
suggested that the both forms were core-fucosylated. We
examined the reactivity toward other lectins such as DSA or
ConA, which react with terminal galactose linked β1,6 to
GlcNAc residues or mannose, respectively; however, there were
no differences between mock and Fut8 transfectants (data not
shown). The mRNA levels of E-cadherin were evaluated by RT-
PCR and quantitative real-time PCR. The results indicated that
there was no significant difference between the Fut8 and mock
transfectants (data not shown), suggesting that post-translational
modification is involved in the increase in E-cadherin expression
in the Fut8 transfectants.

Accumulation of E-cadherin at the cell–cell border in the Fut8
transfected WiDr cells. Morphologically, Fut8 transfected WiDr
cells appeared as clusters with tight cell–cell contacts, whereas
mock transfectants had relatively loose contacts. E-cadherin
expression was examined immunohistochemically. The Fut8
transfectants showed more intense fluorescence with condensation
at the cell–cell contacts compared to mock transfectants,
indicating that the expression of E-cadherin was elevated in
Fut8 transfectants (Fig. 2d).

Increased cell aggregation in the Fut8 transfected WiDr cells. To
examine whether increased E-cadherin in Fut8 transfectants
functions, we performed a cell aggregation assay. As shown in

Fig. 1. α1,6-Fucosyltransferase (Fut8) and E-cadherin expression levels
were increased in primary colorectal cancer. Total protein lysate was
prepared from matched samples of tumor (T) and adjacent non-tumor
tissue (N). 100 μg of protein from each pair were subjected to 10%
sodium dodecyl sulfate–polyacrylamide gel electrophoresis (SDS-PAGE),
transferred to nitrocellulose membranes, and Fut8 and E-cadherin were
detected using an anti-Fut8 antibody and an anti E-cadherin antibody.
WB, Western blotting.
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Fig. 3, the cell aggregation rate of the Fut8 transfectants was
significantly higher than that of the mock transfectants under
high-density condition (~11 × 104 cells/cm2), whereas there were
no significant differences in aggregation status under low-density
condition (~3 × 104 cells/cm2). This increase in aggregation rate
was inhibited in the presence of a calcium chelator, EDTA, or by
an anti-E-cadherin monoclonal antibody, indicating that it was
dependent on E-cadherin.

Reduction of E-cadherin and cell adhesion in the Fut8 knocked
down TGP49 cells. We previously established Fut8 knocked down

mouse pancreatic cancer cells TGP49.(31) The clones showed a low
expression of Fut8 and enzymatic activity was not detectable.
Lectin blotting confirmed that the two bands of E-cadherin in
wild-type cells reacted with AAL lectin, whereas the band in the
Fut8 knocked down cells did not (Fig. 4a). Morphologically,
Fut8 knocked down cells show more loose cell–cell contacts,
and the expression levels of E-cadherin at the cell–cell contacts
were decreased compared to wild-type cells (Fig. 4b). Consistently,
E-cadherin dependent cell aggregation decreased significantly in
Fut8 knocked down cells (Fig. 4c).

Increase in E-cadherin and cell adhesion by restoring Fut8 in
Fut8–/– cells. Fut8 deficient kidney epithelial cells were prepared
from Fut8–/– mice as described previously.(32) The cell surface
expression of E-cadherin (Fig. 5a) increased significantly in
Fut8 restored cells compared to Fut8–/– cells. Lectin blotting
confirmed that the both of the two E-cadherin bands in the Fut8
restored cells reacted with AAL lectin (Fig. 5b), although the
lower band is relatively difficult to be detected. It was
considered that the composition of glycosylation of kidney
epithelial cells might be different from WiDr colon carcinoma
cells. Morphologically, Fut8–/– cells show loose cell–cell contacts
and Fut8 restoring rescued them. An immunohistochemical
study showed that the expression level of E-cadherin at the
cell–cell contacts in Fut8–/– cells was also rescued by Fut8
transfection (Fig. 5c). E-cadherin dependent cell aggregation
(Fig. 5d) increased significantly in Fut8 restored cells compared
to Fut8–/– cells.

Peptide N-glycosidase F (PNGase F) treatment of N-glycan of
E-cadherin in the Fut8 transfected WiDr cells. To examine the
N-glycosylation status, Fut8 and mock transfectants were treated
with PNGase F, which cleaves the N-glycan between the
innermost N-acetylglucosamine and asparagines residues. As
shown in Fig. 6(a), the upper band of E-cadherin in the Fut8
transfectant appeared to be N-glycosylated to a similar extent as
the case of the mock transfectants. On the other hand, no
decrease in molecular weight was observed in the PNGase
F-treated lower band in the Fut8 transfectants, although the
band was reactive with AAL lectin (Fig. 2c), and notably, the
molecular weight of the lower band appeared to be even smaller
than that of the PNGase-F digest of the upper band in the Fut8
transfectants. By molecular mass calculation, it was found that
the molecular mass of the upper band is around 125 kDa,
PNGase F digested upper band is around 110 kDa, and the

Fig. 2. Effect of α1,6-fucosyltransferase (Fut8) transfection on the
characteristics and the expression of E-cadherin in colon carcinoma
WiDr cells. (a) Western blotting analysis of E-cadherin in mock, Fut8,
and R365A mutated Fut8 transfectants. A whole cell lysate (20 μg) was
prepared from low (~3 × 104 cells/cm2) or high-density (~11 × 104 cells/cm2)
cultures and subjected to 8% sodium dodecyl sulfate–polyacrylamide gel
electrophoresis (SDS-PAGE), transferred to a nitrocellulose membrane,
and E-cadherin was detected using an anti-E-cadherin antibody. WB,
Western blotting. (b) Cell surface expression of E-cadherin in the mock
and Fut8 transfectants. E-cadherin was immunoprecipitated from whole
cell lysate of surface biotinylated mock and Fut8 transfectants, and
subjected to 8% SDS-PAGE, transferred to nitrocellulose membranes
and the biotinylated E-cadherin was visualized using a Vectastain ABC
kit and an enhanced chemiluminescence kit. (c) Lectin blot analysis
of E-cadherin in the mock and Fut8 transfectants. E-cadherin was
immunoprecipitated from 400 μg of whole cell lysate, subjected to 8%
SDS-PAGE, and transferred to nitrocellulose membranes, which were
probed by Aleuria aurantia lectin (AAL). IP, immunoprecipitation. (d)
Distribution of E-cadherin in mock and Fut8 transfectants. E-cadherin was
detected by a laser scanning confocal microscopy using an anti-E-cadherin
antibody, ECCD-2 (scale bar, 10 μm).

Fig. 3. Effect of α1,6-fucosyltransferase (Fut8) transfection on E-
cadherin-dependent cell–cell adhesion in WiDr cells. Cell–cell aggregation
was assayed with or without EDTA or the E-cadherin inhibiting antibody,
HECD-1, as described in ‘Materials and Methods’. Data represent the
mean (±SD) of six experiments.
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lower band in Fut8 transfectant is around 105 kDa. Together
with the lectin blotting results, these results indicate that the
E-cadherin corresponding to the lower band contains a form of
N-glycan that is resistant to PNGase F digestion, such as α1-3
fucosylated N-glycan.

Turnover of E-cadherin in the Fut8 transfected WiDr cells. To
elucidate the mechanisms by which the low molecular weight
population of E-cadherin is produced and the total expression
levels of E-cadherin are increased in Fut8 transfectants, the
turnover of E-cadherin was examined in pulse-chase studies. As
shown in Fig. 6(b), the turnover rate of E-cadherin in Fut8
transfectants seemed slightly reduced and the band remained
longer time. In this experiment, the upper band and the lower
band in the Fut8 transfectants could not be clearly distinguished.
When a long-pulse and long-chase experiment was performed,
the low molecular weight form of E-cadherin was detected after
24 h chase but not at 0 h in the Fut8 transfectants (Fig. 6c),
whereas the normal form of E-cadherin appeared 20 min after
the pulse (data not shown).

Discussion

Changes in glycosylation status have been implicated in
pathological status, especially cancer.(38) We have been
studying the functional regulation of signaling molecules by N-
glycosylation.(36,39–43) E-cadherin plays a central role in cancer

Fig. 4. Changes of E-cadherin expression and E-cadherin-dependent
cell–cell adhesion in α1,6-fucosyltransferase (Fut8) knock down cells. (a)
Lectin blot analysis of E-cadherin in Fut8 knocked down TGP49 cells and
wild-type TGP49 cells. E-cadherin was immunoprecipitated from 400 μg of
whole cell lysate, subjected to 8% sodium dodecyl sulfate–polyacrylamide
gel electrophoresis (SDS-PAGE), and transferred to nitrocellulose
membranes, which were probed by Aleuria aurantia lectin (AAL). IP,
immunoprecipitation. (b) Distribution of E-cadherin in Fut8 knocked
down TGP49 cells and wild-type TGP49 cells. E-cadherin was detected by
a laser scanning confocal microscopy using an anti-E-cadherin antibody,
ECCD-2. WT, wild-type TGP49 cells; KD, Fut8 knocked down TGP49 cells
(scale bar, 10 μm). (c) Cell–cell aggregation was assayed with or without
EDTA. Data represent the mean (±SD) of six experiments.

Fig. 5. Changes of E-cadherin expression and E-cadherin-dependent
cell–cell adhesion in α1,6-fucosyltransferase (Fut8)–/– cells. (a) Cell
surface expression of E-cadherin in the Fut8–/– mouse kidney epithelial
cells and Fut8 restored cells. E-cadherin was immunoprecipitated from
whole cell lysate of surface biotinylated Fut8–/– cells and Fut8 restored
cells, and subjected to 8% sodium dodecyl sulfate–polyacrylamide gel
electrophoresis (SDS-PAGE), transferred to nitrocellulose membranes
and the biotinylated E-cadherin were visualized using a Vectastain ABC
kit and an enhanced chemiluminescence kit. (b) Lectin blot analysis of
E-cadherin in the Fut8–/– cells and Fut8 restored cells. E-cadherin was
immunoprecipitated from 400 μg of whole cell lysates, subjected to 8%
SDS-PAGE and transferred to nitrocellulose membranes, which were
probed by Aleuria aurantia lectin (AAL). (c) Distribution of E-cadherin
on Fut8–/– cells and Fut8 restored cells. E-cadherin was detected by a
laser scanning confocal microscopy using an anti-E-cadherin antibody,
ECCD-2. Fut8–/–, Fut8–/– mouse kidney epithelial cells; Restore, Fut8
restored Fut8–/– cells (scale bar, 10 μm). (d) Cell–cell aggregation was
assayed with or without EDTA. Data represent the mean (±SD) of six
experiments. IP, immunoprecipitation.
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metastasis, and it has been reported that its function is also
affected by the modification of N-glycans.(25,26,44) In this study, we
found that Fut8 and E-cadherin expression levels are significantly
increased in primary colorectal cancer samples. We established
the Fut8 transfectants and examined the E-cadherin. Since Fut8 is
widely expressed in human tissues and human cancer cell lines,
WiDr cells in which Fut8 expression levels are significantly low,
and has malignant potential, were selected as the host cells. We
have found that Fut8 activity is involved in the appearance of a
low molecular weight population of E-cadherin in high-density
culture, and regulates the total amount of cell surface E-cadherin
(Fig. 2a,b). E-cadherin expression at cell–cell borders and E-
cadherin-dependent cell aggregation were significantly enhanced
in the Fut8 transfectants (Figs 2d and 3). Studies with Fut8
knocked down cells and Fut8–/– cells supported the conclusion
that Fut8 activity was closely related to the appearance of low

molecular weight population of E-cadherin and total expression
levels of E-cadherin (Figs 4 and 5). Since real-time PCR showed
that the levels of E-cadherin mRNA were not changed in the
Fut8 transfectants, the expression levels of E-cadherin were most
likely up-regulated via a post-translational process. The studies
with PNGase F revealed that the glycosylation status was
different in the lower band in high-density culture of Fut8
transfectants (Fig. 6a). A study of Liwosz et al. indicated that
the N-glycosylation of E-cadherin with complex N-glycans is
reduced in dense cultures, and that this change facilitates its
association with the actin cytoskeleton, leading to the stabilization
of E-cadherin scaffolds.(29) They observed that unstable adherens
junctions in sparse cells contained E-cadherin primarily modified
with complex N-glycans, whereas increased amounts of Triton-
insoluble E-cadherin in dense cultures correlated with its
modification with high mannose/hybrid oligosaccharides, which
are small in size. Since CHO cells and MDCK cells, used as
host cells in the report, have quite high Fut8 activity, it can be
assumed that E-cadherin was core fucosylated. We propose
that Fut8 activity is involved in the glycosylation changes of E-
cadherin in dense culture and subsequent alterations in cell–cell
adhesion. Appearance of low molecular weight population of
E-cadherin and increase of Fut8 expression in colorectal cancer
samples might be independent phenomenon, and even if they are
related, the cause and effect are not determined. However, the
present data support the hypothesis that Fut8 increased in
colorectal cancer affects the status of E-cadherin.

The present study indicates that the low molecular weight
population of E-cadherin in the Fut8 transfectants was PNGase-F
insensitive; however, lectin blotting showed that it was glycosylated
and core-fucosylated (Figs 6a and 2c). The results of long-pulse
and long-chase studies suggested that the low molecular weight
E-cadherin is produced from the normal form (Fig. 6c). Cell–
cell adhesions mediated by E-cadherin could activate signaling
pathways such as receptor tyrosine kinase signaling or Wnt
signaling, and it might be possible that cell–cell adhesion-derived
signaling affects the processing of N-glycan with core fucose.
Changes in glycosylation patterns according to cell density were
also observed in our previous work(45) and we consider that
cell-cell adhesion-derived signaling is involved in processing of
glycoproteins. Thus, it is suggested that the N-glycans process-
ing and turnover rate of E-cadherin were altered, which caused
the accumulation of low molecular population of E-cadherin and
total E-cadherin, in Fut8 transfectants in dense culture. It is also
possible that increase in E-cadherin-dependent cell aggregation
in Fut8 transfectants is due to enhancement of E-cadherin
cell adhesive activity, and we must consider the both possibilities
at present.

As seen in Fig. 6a, the PNGase-F treated upper band of
E-cadherin seems still larger than the low molecular weight
population. It is possible that this occurred as the result of
deamidation in the upper band, since SDS-PAGE often reflects
amino acid modifications.(46)

We previously reported that E-cadherin turnover is significantly
delayed in melanoma cells transfected with GnT-III, which is
involved in the regulation of branch formation in N-glycans.(25)

We also showed that the EGFR or Src-mediated tyrosine
phosphorylation of β-catenin was decreased in GnT-III trans-
fectants.(26) Guo et al. reported that the EGF-induced tyrosine
phosphorylation of β-catenin and P120ctn increased in GnT-V
transfectants, which led to a reduction in cell–cell adhesion.(27)

The fact that GnT-III activity was not changed by Fut8 transfection
suggests that Fut8 activity regulates the expression of E-
cadherin independent of GnT-III, and the accumulation of both
normal form and the low molecular weight E-cadherin enhances
cell–cell adhesion.

It has been revealed that core fucosylation catalyzed by Fut8
is involved in various biological phenomena. Fut8 transgenic

Fig. 6. Analysis of E-cadherin in α1,6-fucosyltransferase (Fut8)
transfected WiDr cells. (a) Whole cell lysates from mock and Fut8
transfectants were treated with peptide N-glycosidase F (PNGase F) as
described in ‘Materials and Methods’ and subjected to 6% sodium
dodecyl sulfate–polyacrylamide gel electrophoresis (SDS-PAGE) and
transferred to nitrocellulose membrane, probed by an anti-E-cadherin
antibody. WB, Western blotting. (b) Mock and Fut8 transfectants were
radiolabeled with L-[35S]methionine and L-[35S]cysteine for 20 min. At 0,
8, 24, and 32 h after pulse labeling, E-cadherin was immuno-
precipitated from cell lysates using anti-E-cadherin antibody. After
separation of the immunoprecipitated E-cadherin by 6% SDS-PAGE,
the gel was dried and autoradiographed for 2 days using imaging
plates and a BAS-2500 system. The results were reproducible in three
independent experiments. (c) Long-pulse and long-chase study. Fut8
transfectants were radiolabeled with L-[35S]methionine and L-
[35S]cysteine for 24 h. At 0, 24, and 48 h after pulse labeling, E-cadherin
was immunoprecipitated from cell lysates using anti-E-cadherin
antibody. After separation of the immunoprecipitated E-cadherin by
6% SDS-PAGE, the gel was dried and autoradiographed for 2 days
using imaging plates and a BAS-2500 system. The results were
reproducible in three independent experiments.
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mice caused steatosis in the liver and kidney due to a decreased
lysosomal acid lipase activity.(47) Core fucose deficient IgG1
showed an improved binding to FcγRIIIA, and consequently,
antibody-dependent cellular cytotoxicity activity was up-
regulated.(48,49) We developed Fut8–/– mice and reported that the
mice showed semi lethality, growth retardation, and emphysema-
like changes, and the experiments indicated that dysfunction of
TGF-β1 receptor(32), impairment in the low-density LRP-1(41) and
functional changes of α3β1 integrin(50) are involved in the
phenomena. The regulation of the cell surface expression levels
of E-cadherin, reported herein, could be involved in the pathology
observed in Fut8 transgenic mice and Fut8 knock out mice.

Metastasis analysis using those animals would indicate the role
of Fut8 in cell–cell adhesion in vivo.
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