
Abstract. Changes in the expression levels of ·1,3 FucT-VII
and carbohydrate product SLeX have been reported in certain
types of malignant transformations. However, the specific
role of FucT-VII in human colorectal carcinoma is still not
clear. We evaluated the expression of FucT-VII in tumor
specimens from 30 colorectal carcinoma patients by RT-PCR
and immunohistochemistry. The alteration of metastatic
potential of LOVO cells before and after ·1,3 FucT-VII gene
transfection was also assayed. The expression change of
glycoprotein CD24 and carbohydrate antigen SLeX after
stable transfection of LOVO was also examined in vitro.
Higher mRNA and protein expression of FucT-VII were
observed in colorectal tumors compared with adjacent normal
ones. The cell chemotactic migration and invasion were
enhanced after ·1,3 FucT-VII transfection in LOVO cells.
There was a positive correlation between ·1,3 FucT-VII
mRNA expression and lymph node status (p=0.009) and AJCC
stage (p=0.007), similar correlation was also observed at
protein level (p=0.042 and 0.022, respectively). Overexpres-
sion of ·1,3 FucT-VII promoted the expression of CD24 and
SLeX in LOVO cells. Our findings suggest that ·1,3 FucT-VII
might play a role in colorectal carcinoma metastases by
promoting the carbohydration of glycoprotein CD24.

Introduction

Colorectal cancer is the leading malignancy in western
countries and its incidence has increased recently in some big

cities in China (1). Although 40-50% of the patients in the
early stages could be cured surgically, the treatment failures
are usually owed to distant metastasis. Tumor metastasis is a
multi-step complex process involving a variety of molecules
participating. The adhesion between tumor cell and vesicular
endothelial cell or extracellular matrix, and the migration and
invasion of cells are pivot events in metastasis (2).

Aberrant carbohydration is an important mechanism for
tumor metastasis. The carbohydrate moieties of cell surface
glycoconjugates play 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 bio-
logical alterations in cells (3). Aberrant cell surface glycosy-
lation patterns, a hall mark of oncogenic transformation and
malignant phenotype of tumor cells, lead to alterations in
cell-cell and cell-matrix interaction by affecting the function
of adhesion molecules (4). The two most commonly observed
aberrant N-glycosylations in experimental tumor models are
an increase in terminal sialylation and a shift to more highly
branched N-linked oligosaccharides (4-6).

Fucosyltransferase (FucT) is a family of glycosyltrans-
ferases responsible for the synthesis of fucosyl-containing
compounds, including the A, B and O blood groups and Lewis
antigens. It catalyzes the transfer of a fucosyl residue from
GDP-·-L-fucose to a sugar acceptor, usually galactose or
N-acetylglucosamine, in the sugar chains of glycoproteins or
glycolipids (7). Nine subgroups of ·-fucosyltransferase
have been cloned. Among these subclones, ·1,3 Fucosyl-
transferase VII (FucT-VII) fucosylates sialylated acceptors
and produces sialyl Lewis X (SLeX) antigens only (7,8).
Fucosylated carbohydrate structures are involved in a variety
of biochemical and pathological processes, especially close
to tumor invasion and metastases (9). For example, high
expression of ·1,6 FucT was found to be related to the
degree of infiltration through the intestinal wall, and higher
enzyme activity was observed in high grade tumors with
lymph node metastases (10); While lower gene copies of
FucT-III were observed in more invasive tumors with distant
metastases (11).
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FucT-VII was proved to play a predominant role in
regulating the interaction of PSGL-1 with selectins (12) and
producing cancer related carbohydrate gene SLeX. Moreover,
several alterations of FucT-VII during carcinogenesis have
been reported (13-17). High gene copies of FucT-VII were
found to be correlated to lymph node metastases in breast
cancer, with a better 5-year survival rate in patients with strong
expression than those with low or negative expression (13).
The expression of FucT-VII was also increased in pancreatic
cancer (14), lung cancer (15) and hepatocarcinoma (16), and
the down-regulation of it was one of the mechanisms to
explain the metastasis-suppressive effect of the nm23-H1
gene (17).

As a known cancer-related gene, SLeX was previously
found to express at high level in colorectal cancer and predicted
an ominent prognosis and high risk of recurrence (18). SLeX

modified CD24 was suggested to be an essential factor for
the progression of tumor metastases (19). Previous research
has revealed that CD24 was a new diagnostic marker of
tumors and possibly participated in tumor metastasis and
correlated to survival (19-24).

The role of FucT-VII in human colorectal carcinoma
remains unclear. Here we combined immunohistochemistry,
RT-PCR and Western blotting techniques to elucidate
whether the expression of FucT-VII was up-regulated in
colorectal cancer. We also evaluated the correlation between
the expression of FucT-VII and metastatic potential. Our
results revealed that FucT-VII was more highly expressed in
colorectal cancer than in adjacent normal tissues and closely
related to lymph node metastases. Therefore, this fucosyl-
transferase could play an important role in the metastatic
progression of colorectal cancer.

Materials and methods

Patients and specimens. Thirty patients were diagnosed
with colorectal carcinoma pathologically and had surgical
treatment in the Department of Colorectal Cancer, Fudan
University Shanghai Cancer Center between May 2007 and
August 2007. All the patients had signed consent forms and
the primary tumor specimens and adjacent normal tissues
were stored in the tissue bank of the hospital. Data for clinical
characteristics was obtained through in-patient records. The
last date of follow-up was January 1, 2009. The median
follow-up time was 18 months. The survival status of each
patient was confirmed by telephone contact or clinical visit.

Reagents and cell lines. RPMI-1640 medium and fetal bovine
serum (FBS) were purchased from Gibco/BRL. The plasmid
pcDNA3.0 containing ·1,3 FucT-VII cDNA was kindly
provided by Professor Narimatsu H. (Soka University, Japan).

LOVO cell line was obtained from ATCC, and was cultured
in RPMI-1640 medium supplemented with 10% FBS. The
cultures were incubated at 37˚C in a humidified 5% CO2

atmosphere.

Stable transfections. The plasmid pcDNA3.0 with or without
·1,3 FucT-VII were transfected using the Lipofectamine
reagent (Life Technologies, Inc., Rockville, MD, USA). G418
sulfate (geneticin)-resistant colonies were selected in medium

with G418 (1000 μg/ml) and expanded. The FucT-VII positive
colonies were identified by RT-PCR and Western blotting.

Expression analysis of ·1,3 FucT-VII transfectants
RNA isolation and RT-PCR analysis. Total RNA was isolated
from FucT-VII, mock-transfected and control cells using
TRIzol reagent (Life Technologies, Inc., Gaithersburg)
according to the reagent protocol. The RNA purification
(D260/D280 1.8-2.0) and concentration were tested by
DU800UV/Vis Spectrophotometer. Total RNA (2 μg) was
converted to cDNA using the RevertAid™ First Strand
cDNA Synthesisi kit. One microliter of each RT reaction
mixture was applied to 25 μl of PCR mixture, containing
0.5 μl Taq DNA polymerase (Fermentas Life Science), 1.5 μl
MgCl2, 2.5 μl Taq buffer, 0.5 μl dNTPs and 0.5 μl up and
down primers. The primers of FucT-VII were 5'-CACCTCC
GAGGCATCTTCAACTG-3' and 5'-CGTTGGTATCGGCT
CTCATTCATG-3', 497 bp; those of CD24 were 5'-ATGGG
CAGAGCAATGGTG-3' and 5'-GAGTAGAGATGCAGAA
GAGAGA-3', 243 bp; and GAPDH were 5'-TGAACGGGA
AGCTCACTGG-3' and 5'-TCCACCACCCTGTTGCTGC
TGTA-3', 307 bp. The annealing temperatures of FucT-VII,
CD24 and GAPDH were 58, 58 and 56˚C, respectively. A
total of 30, 30 and 28 cycles of PCR were carried out for
FucT-VII, CD24 and GAPDH.

The PCR products were electrophoresed on 1.5% agarose
gel and then imaged on an ChemiImage 5500 Imaging
System (Alpha Innotech, San Leandro, CA, USA). To com-
pare the mRNA relative expression, densitometry of FucT-
VII/GAPDH, or CD24/GAPDH, which was perfomed using
the ChemiImager 5500, was used to semi-quantify RT-PCR.

Western blotting. Cells were washed three times with ice-
cold PBS and lysed in cell lysis solution (Jingmei Biotech,
China). Cells were shaked in ice for 30 min and insoluble
debris was removed by centrifugation at 13000 rpm for 60 min.
Proteins (50 μg) were analysed by 10% SDS-PAGE. After
electrophoresis, proteins were transferred to a polyvinylindene
difluoride membrane, and the membrane was blocked with
5% BSA in PBS. The blots were probed with goat anti-human
FucT-VII antibody (L-14, Santa Cruz) diluted 1:1000, and
then incubated with a horseradish-peroxidase conjugated
rabbit anti-goat IgG antibody (Dako Cytomation) diluted
1:2000. Normalization of protein loading was done with
GAPDH (mouse anti-GAPD McAb, PtgLab).

Immunohistochemistry. Formalin-fixed paraffin-embedded
tissue was freshly cut (4 μm). Antigen retrieval was achieved
by pressure cooking in 0.01 mol/l citrate buffer for 20 min.
The primary CD24 antibody (Ab-2, clone SN3b, Neomarkers,
Fremont, CA) was diluted 1:50, SLeX antibody (KM93,
Chemicon) was diluted 1:50, FucT-VII antibody (L-14, Santa
Cruz) was diluted 1:30, and was incubated at room tempera-
ture for one night. Detection took place by anti-mouse IgM
antibody labeled with peroxidase (N-Histofine Simple Stain
MAX PO, Nichirei Bioscience, Inc.) and SABC anti-goat
IgG antibody (Boster Co.) for 30 min at room temperature
and colorimetric detection with 3,3'-diaminobenzidine (DAB).
Afterwards the slides were briefly counterstained with hema-
toxylin and aqueously mounted.
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Immunostaining of tissue slides was independently evalu-
ated by two clinical pathologists who were unaware of patient
outcome. As CD24 showed a cytoplasmic and membranous
staining, we scored staining qualities as either negative or
weakly, moderately or strongly positive. The FucT-VII expres-
sion was evaluated by scoring negative or positive.

The cell immunoblot was similarly performed in the slices
covered by acetone-fixed cells. The primary CD24 antibody
(Ab-2, clone SN3b, Neomarkers) was diluted 1:50, FucT-VII
antibody (L-14, Santa Cruz) was diluted 1:50, followed by
the same procedures as above.

Detection of SLeX and CD24 antigens with flow cytometry.
The cells (1x106) were detached with 0.25% trypsin-EDTA
(Gibco), washed and re-suspended in PBS, then incubated
with anti-SLeX monoclonal antibodies (KM93, Chemicon)
in 1:50 dilution or CD24 antibody (Ab-2, clone SN3b,
Neomarkers) in 1:50 dilution, for 30 min at 4˚C. After two
washes, the cells were incubated for 45 min at 4˚C with work
solution of FITC-conjugated goat anti-mouse IgM (Sigma).
Then the cells were subjected to fluorescence analysis per-
formed on Becton-Dickinson FACS Calibur machine. Fluore-
scence activated cell spectra were drawn automatically, and
the left- or right-shift of the curve or its peak indicated the
decrease or increase of the mean fluorescence intensity,
respectively, quantitative data were expressed as the mean
fluorescence intensities of the positive cells in the experiments.

Cell migration and invasion assay. Cell migration assay was
performed using 24-well transwell units (Corning Incorp.,
USA). Each lower compartment of the transwell units con-
tained 600 μl of 10% FBS in RPMI-1640 and cells (5x104) in
100 μl DMPI-1640 were added into the upper compartment
of the transwell units, and then incubated for 18 h at 37˚C in
a humidified atmosphere containing 5% CO2. The cells were
fixed with 10% formaldehyde and stained with H&E. The
numbers of the cells that migrated to the lower side of the

polycarbonate filter were counted in 8 HPFs (x400). The data
were expressed by the mean number of cells per HPF with
two independent experiments.

Cell invasion assay was similarly performed, except
that the upper side of polycarbonate filter was coated with
matrigel (in proportion of 1:3 with RPMI-1640) to form a
continuous thin layer. Cells (1x105) in 100 μl RPMI-1640 were
added, and the incubation time prolonged to 24 h. Cells were
stained and counted as described above, and the number of
cells that invaded the lower side of the filter was a measure
of the invasive activity of the cells.

Statistical analysis. The data were compiled with the soft-
ware Stata, version 7.0. Student's t-test and analysis of variance
were used to determine the statistical significance of difference
between experimental groups, and Kruskal-Wallis H test was
used with unequal variances. Fisher's exact test and ¯2 test for
trend was used to assess the statistical significance of associ-
ations between the protein expression and clinicopathologic
variables. Spearman rank coefficient was used to assess the
correlation between the mRNA expression of CD24 and
FucT-VII. P<0.05 was considered a significant association.

Results

High expression of ·1,3 FucT-VII and its association with the
lymph node metastasis in colorectal cancer patients. A total
of 30 colorectal cancer patients were analyzed. The mRNA
expression of FucT-VII was significantly higher in colorectal
carcinoma tissue than that in adjacent normal tissue (FucT-
VII/GAPDH: 0.124±0.110 vs. 0.077±0.033, p<0.05). The rate
of positive expression of protein was significantly higher in
tumor tissue than that in the adjacent normal ones (83.3 vs.
26.7%, ¯2=19.461, p=0.000). FucT-VII was positively stained
in cytoplasm of the cells (Fig. 1)

As shown in Table I, there was a positive correlation
between FucT-VII mRNA expression and lymph node status
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Figure 1. FucT-VII immunohistochemistry in colorectal cancer. (A) H&E staining of adjacent normal tissue. (B) Negative expression in adjacent normal
tissue. (C) Negative control of cancer tissue. (D) H&E staining of cancer tissue. (E) and (F) Cytoplasmic overexpression of FucT-VII in the colorectal cancer
tissue (x400).
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(p=0.009), AJCC stage (p=0.007) and Dukes stage (p=0.005).
FucT-VII protein expression was also correlated to lymph
node status (p=0.042) and AJCC stage (p=0.022) (Table II).

Stable transfection of ·1,3 FucT-VII cDNA in LOVO cells. We
found a weak expression of FucT-VII at both mRNA and
protein level in LOVO cells. Up-regulation of FucT-VII
expression in colorectal carcinoma cells might have changed
the biological behaviors of LOVO cells, thus enhance the
tumor metastatic potential. To verify our speculation, we

transfected an ·1,3 FucT-VII expression vector into LOVO
cells and generated stable transfectants. FucT-VII exhibited a
strong cytoplasmic immunostaining in transfected LOVO
cells (Fig. 2). FucT-VII transfectant clones from LOVO cells
expressing high levels of FUT7 protein and named LOVO/
FucT-VII were used in further experiments.

Increase of the migration and invasion of LOVO cells trans-
fected with ·1,3 FucT-VII. In FucT-VII-transfected LOVO
cells, the ability of chemotactic migration through trans-well
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Table I. Associations between ·1,3 FucT-VII mRNA and
clinicopathologic variables.
–––––––––––––––––––––––––––––––––––––––––––––––––

Cases ·1,3 FucT-VII/
Characteristic (n) GAPDH P-value
–––––––––––––––––––––––––––––––––––––––––––––––––

30 0.124±0.110

Age (years)
<60 16 0.119±0.082 0.809a

≥60 14 0.129±0.139

Differentiation
High 5 0.097±0.012 0.998b

Moderate 18 0.133±0.134
Low 7 0.120±0.081

Serous layer
invasion

No 9 0.088±0.052 0.251a

Yes 21 0.139±0.125

Dukes
A 7 0.065±0.026 0.005b

B 7 0.082±0.030
C 8 0.157±0.058
D 8 0.180±0.188

Tumor stage
pT1-2 8 0.095±0.051 0.337b

pT3 9 0.092±0.047
pT4 13 0.164±0.152

Nodal status
pN0 15 0.073±0.027 0.009a

pN1-2 15 0.175±0.137

Distant metastasis
pM0 22 0.103±0.058 0.091a

pM1 8 0.180±0.188

Grade
I 6 0.070±0.024 0.007b

II 8 0.075±0.032
III 8 0.157±0.058
IV 8 0.180±0.188

–––––––––––––––––––––––––––––––––––––––––––––––––
at-test; bKruskal-Wallis H test.
–––––––––––––––––––––––––––––––––––––––––––––––––

Table II. Associations between FucT-VII protein expression
and clinicopathologic variables.
–––––––––––––––––––––––––––––––––––––––––––––––––

Cases FucT-VII FucT-VII
Characteristic (n) negative positive P-value
–––––––––––––––––––––––––––––––––––––––––––––––––

8 22

Age (years)
<60 16 2 14 0.642a

≥60 14 3 11

Differentiation
High 5 1 4 0.399b

Moderate 18 4 14
Low 7 0 7

Serous layer
invasion

No 9 2 7 0.622a

Yes 21 3 18

Dukes
A 7 2 5 0.061b

B 7 3 4
C 8 0 8
D 8 0 8

Tumor stage 
pT1-2 8 1 7 0.265b

pT3 9 3 6
pT4 13 1 12

Nodal status
pN0 15 5 10 0.042a

pN1-2 15 0 15

Distant metastasis
pM0 22 5 17 0.287a

pM1 8 0 8

Grade
I 6 1 5 0.022b

II 8 4 4
III 8 0 8
IV 8 0 8

–––––––––––––––––––––––––––––––––––––––––––––––––
aFisher's exact test; b¯2 test for trend.
–––––––––––––––––––––––––––––––––––––––––––––––––
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and chemotactic invasion through matrigel was elevated to
138.4 and 156.4%, respectively, as compared with the
control LOVO cells. The effect in metastatic potential of the
mock transfection was not detected (Fig. 3). However, the
changes in cell growth rate and cell cycle after transfection in
LOVO cells were slight (data not shown).

·1,3 FucT-VII promoted the expression of CD24 and sialyl
Lewis X. CD24 is regarded as a tumor-related protein (9).
We also found that there was a high expression of CD24 in
colorectal carcinoma (90% cytoplasmic positive) and strong
association of cytoplasmic CD24 with serous layer invasion,

tumor stage (pT) and nodal metastasis through immuno-
staining analysis (Table III).

The positive correlation between mRNA expression of
·1,3 FucT-VII and CD24 was found in the colorectal cancer
tissue via RT-PCR (Spearman's rho=0.4435, p=0.014).
However, the correlation at protein expression level did not
reach statistical significance.

In vitro, we found that LOVO/FucT-VII exhibited a higher
mRNA expression of CD24 than mock-transfected or control
cells, besides, LOVO/FucT-VII also exhibited a higher protein
expression of CD24, which was confirmed by cell immuno-
staining and FACS (Fig. 4).

We next investigated the alteration of glycosylation after
FucT-VII transfection. Richer SLeX (the only product of ·1,3
FucT-VII) carbohydrate epitope at the cell surface was also
observed by FACS sorting using the SLeX-specific mAb
KM93 (Fig. 5).

Discussion

·1,3 FucT-VII was first cloned from THP-1 cDNA library in
1993 by Sasaki et al (8). Then, Natsuka and his colleagues
cloned the cDNA of ·1,3 FucT-VII through cross hybridi-
zation, and the only product was SLeX instead of LeX by
using FACS sorting in FucT-VII stably expressing cells (25).
·1,3 FucT-VII is located on human chromosome 9q34.3, the
open reading frame encoding 342 amino acids. Comparing to
FucT-III and FucT-V, the sequence of Fuc-TVII had 42-43%
identity, while 47% identity with the sequence of FucT-VI.
·1,3 FucT-VII was type II transmembrane TOPO structure,
composing of a small N-terminal cytoplasmic tail of 14
amino acids, a membrane-spanning region of 19 amino acids
and a catalytic domain oriented lumenally in the Golgi
apparatus with 309 amino acids (8). ·1,3 FucT-VII was found
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Figure 2. Expression of FucT-VII in LOVO cells after transfection. (A) RT-PCR. Lane 1, LOVO; Lane 2, LOVO/vec; Lane 3, LOVO/FucT-VII clone 1; Lane 4,
LOVO/FucT-VII clone 2. (B) Western blotting. Lane 1, LOVO; Lane 2, LOVO/vec; Lane 3, LOVO/FucT-VII clone1; Lane 4, LOVO/FucT-VII clone 2. (C)
The relative expression of FucT-VII mRNA and protein. Representative quantitation of three independent experiments. The error bars represent the SE. (D)
Cell immunostaining (x100). (a) LOVO; (b) LOVO/vec; (c) LOVO/FucT-VII clone 1; (d) LOVO/FucT-VII clone 2.

Figure 3. Alteration in cell migration and invasion after the transfection of
FucT-VII gene. Date are expressed as the mean ± SD of three independent
experiments. *P<0.05 compared with the LOVO group. Experimental proce-
dures are described in Materials and methods.
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to be expressed in a series of hematopoietic cells and HEV,
and could be transfected to different cells, such as COS-1,
Namalwa and BHK-21 cells, and could be obtained from
protein A fusion protein (26).

The expression of FucT-VII in colon cancer tissues
remained unclear. A previous study reported that Fuct-VII
gene was expressed at a very low level, compared to other
FucTs, in particular FucT-III (27). However, the FucT-VII
transcript was detected to be elevated in colon cancer by
real-time PCR in recent studies (28,29), and it was also

accepted that the total FucT activity in colon cancer was
contributed by several independently regulated genes (29). In
the current study, we found the mRNA and protein expres-
sion levels of FucT-VII were significantly higher in tumor
tissue than that in normal tissue. The data indicated that
FucT-VII might be another important gene which had special
regulating mechanism in colorectal cancer. A positive
correlation between FucT-VII expression and lymph node
status together with grade stage was observed both in the
mRNA and protein level. Therefore, we concentrated on
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Table III. Associations between cytoplasmic CD24 expression and clinicopathological variables.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

cCD24
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Characteristic Negative Weak Moderate Strong P-value
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

3 6 13 8

Age (years)
<60 3 3 8 4 0.384a

≥60 0 4 4 4

Differentiation
High 1 1 2 1 0.945b

Moderate 2 3 8 5
Low 0 2 3 2

Serous layer invasion 
No 2 4 3 0 0.015a

Yes 1 2 10 8

Dukes
A 2 3 2 0 0.171b

B 1 2 3 1
C 0 1 4 3
D 0 0 4 4

Tumor stage
pT1-2 2 4 2 0 0.032b

pT3 1 1 5 2
pT4 1 0 6 6

Nodal status
pN0 3 5 5 2 0.048a

pN1-2 0 1 8 6

Distant metastasis
pM0 3 6 9 4 0.177a

pM1 0 0 4 4

Grade
I 2 3 1 0 0.107b

II 1 2 3 1
III 0 1 4 3
IV 0 0 4 4

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aFisher's exact test; b¯2 test for trend.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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FucT-VII gene, especially its correlation with tumor
metastases. Although the sample size of the clinical
specimens was not large, we examined both the tumor tissue
and adjacent normal tissue of each patient and found that the
correlation and difference reached statistical significance.
According to the AJCC stage, stage I patients without lymph
node metastasis has a 5-year survival rate of 90%, while it was
only 50% in stage III patients with a positive lymph node
status (30). Lymph node metastasis is an ominent prognostic
factor, and adjuvant chemotherapy should be conducted in
patients of stage III to reduce the risk of recurrence and distant
metastases. Although the correlation between the fucosyltrans-
ferase and disease-free survival or overall survival has not

yet been proved in our study because of inadequate follow-up
time, we found the higher expression of FucT-VII in tumor
tissue both in transcription and translation levels, more-over,
the positive correlation between FucT-VII and lymph node
metastases was proved. Therefore, we supposed that the
tumors which had high expression of FucT-VII might have a
poor prognosis due to its more invasive potential.

We further explored the biological changes of LOVO
cells after stable transfection of FucT-VII in vitro. Previous
studies showed that the tranfection of FucT-VII into H7721
hepatocarcinoma cells could enhance phosphorylation of
retinoblastoma (Rb) protein and facilitate the G1/S transition
and growth rate of the cells through the regulation of CDI
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Figure 4. Expression of CD24 in FucT-VII-transfected LOVO cells. (A) RT-PCR. Lane 1, LOVO; Lane 2, LOVO/vec; Lane 3, LOVO/FucT-VII. (B) The
relative expression of CD24 mRNA. Representative quantitation of three independent experiments. The error bars represent the SE. (C) Flow cytometry. (-)
Control, without the addition of the first antibody. (D) Cell immunostaining (x100).

Figure 5. Cytoflurographic analysis of transfected cells using mAb specific for the sialyl Lewis X (KM93). (A) Negative control, without the addition of the
first antibody; (B) LOVO cells; (C) LOVO/vec cells; (D) LOVO/FucT-VII.
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p27Kipl protein (31). In our study, we transfected ·1,3 FucT-
VII into human colon cancer cells and yielded a similar result.
After transfection, LOVO cells exhibited stronger ability of
chemotactic migration and invasion than non-transfected
cells. Such changes of metastasis-related phenotype might
be correlated to the function of Fuc (fuco-residue) and SA
(terminal sialic acid) after the interaction of FucT-VII and
glycoprotein substrate. A previous study (32) proved that SA
played a more important role in binding tumor cells to
HUVEC, and mono-antibody of SLeX (KM93) was able to
block this effect.

Preliminary investigation on the mechanism of FucT-VII
promoting metastasis in colorectal cancer was further per-
formed. FucT-VII could fucosylate only a type II acceptor
with terminal ·2,3-linked sialic acid among different types of
oligosaccharides and produced as the only product SLeX (16).
SLeX was shown to act as an ominent prognostic factor in
breast cancer, colorectal cancer and other malignant tumors
(18,29,33). High SLeX expression was observed in 132
colorectal cancer specimens compared with very low
expression level of it in normal tissue, and overexpression of
SLeX predicted high risk of recurrence and poor prognosis
(18). The high expression of SLeX could reflect the metastatic
potential in colorectal cancer with liver metastases (34) and
could be a prognosis marker. Similar results were also
obtained in gastric carcinoma and breast cancer (33,35). To
our knowledge, FucT-VII could directly contribute to the
enhanced synthesis of SLeX or SLeA. CD24 is a molecule
deserving considerable attention for its involvement in cell
adhesion and metastatic tumor spreading. CD24 positive
tumor cells show a better ability to bind to endothelial cells
and platelet in the blood stream and thus circulate in the
vasculature protecting from immunological system attack
(19). Newly-born CD24 peptide could be transported to the
cell membrane only after the carbohydrate modification.
Moreover, it was shown that CD24 highly expressed in many
solid tumors, with a positive rate of 85% and correlates to
tumor pathological stage or lymph node metastasis (19-24).
SLeX-modified CD24 could also act as a P-selectin ligand
and be an essential factor for tumor metastases. In colorectal
cancer, strong cytoplamic CD24 expression was proved to be
significantly correlated to short survival time (23). Whether
FucT-VII is mediated by CD24 glycosylation in promoting
cancer metastasis was still not clear. Thus, we evaluated the
expression of both CD24 and SLeX in tumor tissue and found
a significant correlation between CD24 cytoplasmic protein
expression and lymph node metastases, which was consistant
with the results of previous studies (23). The positive
correlation between FucT-VII and CD24 was confirmed at
mRNA level. In vitro, transfection of ·1,3 FucT-VII induced
an increase of CD24 expression both at mRNA and protein
level, and the carbohydrate product SLeX on the cell surface
was also up-regulated, indicating that ·1,3 FucT-VII might
promote metastases by influencing the glycosylation of
CD24. CD24 can bind to P-selectin and then help the
adhesion of neutrophils or monocytes to activate endothelial
cells or platelets, which both express P-selectin. The
premetastatic role of CD24 in human tumor cells was
suggested to be based on this CD24/P-selectin interaction
(36). SLeX, which serves as the ligand of E-/P-selectin

expressed on the surface of vascular endothelial cells, and
mediated the adhesion of malignant cells to vascular
endothelium by combining with E-/P-selectin, which is the
initial step for malignant cells to penetrate through the
vessels in the process of metastasis (36-38).

Cancer-cell adhesion to endothelial cells mediated by
selectins and their carbohydrate ligands has been proposed to
figure heavily in cancer metastases. So the up-regulation of
CD24 and SLeX by ·1,3 FucT-VII might be one of the path-
ways which promote lymph node metastases in colorectal
cancer. In this study, we preliminarily investigated the possible
correlation between FucT-VII and CD24. Expression levels
of other adhesion molecules, such as CD44 and integrins,
would be ascertained in the next step in order to elucidate the
mechanism.

In conclusion, the data presented here showed that ·1,3
FucT-VII was highly expressed in colorectal carcinoma and
positively associated with the lymph node metastases in
colorectal cancer patients. ·1,3 FucT-VII might influence the
expression of CD24 and play an essential role in tumor
infiltration and metastases. Thus, it could serve as a
promising biomarker to predict colorectal carcinoma
metastasis or become a therapeutic target in preventing tumor
metastases.
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