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Abstract Purpose: The expressions of Lewis antigens,
a1,3 fucosyltransferase (a1,3 FucT)-VII, and the meta-
static potential of the 7721 human hepatocarcinoma cell
line after the transfection of the cDNA of nm23-H1, a
known metastasis-suppressive gene, were studied using
mock cells as the control, which were transfected with
the pcDNA3 vectors. Methods: Cell adhesion to human
umbilical vein epithelial cells (HUVEC), chemotaxic cell
migration through transwells, and invasion through
matrigel were selected as the metastasis-related pheno-
types to assess the metastatic potential at the cell level.
Results: The results showed that the expression of SLex

was high, while the expression of Lex, SDLex, and SLea

were very low on the surface of the mock cells. After
transfection of nm23-H1, the expressions of SLex, a1,3
FucT-VII, and the cell adhesion to HUVEC, as well as
cell migration and invasion were simultaneously de-
creased in all three clones of nm23-H1-transfected cells.
Among different clones, the decreased expressions of
SLex and a1,3 FucT-VII were roughly correlated to each
other, and also, in general, proportional to the ability of
cell adhesion to HUVEC, cell migration, and invasion.
The expressions of these metastasis-related phenotypes
were lowest in clone 3 and highest in clone 4. Only the
specific monoclonal antibody to SLex (KM93) signifi-
cantly abolished the cell adhesion, migration, and in-
vasion, while other monoclonal antibodies against
SDLex or Lex and SLea only slightly inhibited or entirely

failed to inhibit the above-mentioned phenotypes.
However, the rate of cell growth was not changed after
the transfection of nm23-H1, and the ability of colony
formation on the soft agar was only decreased in one
clone. Conclusions: These findings reveal that the down-
regulation of a1,3 FucT-VII and its product, SLex, is one
of the mechanisms to explain the metastasis-suppressive
effect of the nm23-H1 gene.
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Abbreviations SA sialyl Æ Gal galactose Æ GlcNAc N-ac-
tylglucosamine Æ Man mannose Æ Fuc fucose Æ Lex Lewis
X [Galß1,4 (Fuc a1,3) GlcNAc-] Æ SLex sialyl Lewis X
[SAa2,3Galß1,4 (Fuc a1,3) GlcNAc-] Æ SLea sialyl Lewis
A [SAa2,3Galß1,3 (Fuca1,4) GlcNAc-] Æ SDLex sialyl
dimeric (difucosyl) Lewis X [SAa2,3Galß1,4 (Fuc a1,3)
GlcNAcß1,3Galß1,4 (Fuca1,3) GlcNAcß1,3-] Æ FucT
fucosyltransferase Æ HRP horseradish peroxidase Æ FITC
fluorescein isothiocyanate Æ GAPDH 3-phosphoglycer-
aldehyde dehydrogenase Æ HUVEC human umbilical
vein endothelial cells Æ TNF-a tumor necrosis factor-
a Æ ECL enhanced chemiluminescence Æ FCS fetal calf
serum Æ BSA bovine serum albumin Æ EDTA ethylene
diamine tetraacetate Æ PBS phosphate buffered
saline Æ HPF high performance field

Introduction

Nm23 is a gene family related to the non- or low meta-
static behavior of cancers, which was first characterized
by Steeg et al. in 1988 (Steeg et al. 1988). The gene is
located on chromosome 17q21, which codes an
18.5 kDa protein containing 166 amino acids with nu-
cleoside diphosphate kinase and protein-histidine kinase
activities, as well as the activity of serine autophosph-
orylation (De La Rosa et al. 1995). The nm23-H1 gene
was discovered as the first member of the gene family
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(Gilles et al. 1991), and demonstrated to have anti-
metastatic properties in many human and animal cancer
models. On the other hand, nm23-H1 was less expressed
in numerous types of cell lines with highly metastatic
potential (Steeg et al. 1988; Baba et al. 1995; Fukuda
et al. 1996; Kantor et al. 1993). The levels of nm23-H1
mRNA or protein have shown an inverse correlation
with lymph node metastasis and patient mortality in
many cancers, such as breast (Hirayama et al. 1991;
Tokunaga et al. 1993), cervical (Marone et al. 1996), and
primary liver cancer (Fujimoto et al. 1998).

In our laboratory, it was reported that transfection of
the cDNA of nm23-H1 into the 7721 human hepato-
carcinoma cell line resulted in the down-regulation of a
glycosyltransferase, N-acetylglucosaminyltransferase V
(GnT-V), and its product, GlcNAcb1,6Mana1,6-
branching structure in asparagine-linked (N-) glycans,
on the cell surface (Guo et al. 2000a). This GlcNAc b1,6-
branch was well documented as a cancer metastasis-re-
lated structure (Dennis et al. 1987; Dennis and Laferte
1987, 1989; Fernandes et al. 1991; Guo et al. 2000b). The
down-regulation of 1,6 b-GlcNAc branch on surface N-
glycans is one of the mechanisms for the suppression of
cancer metastasis by nm23-H1 (Guo et al. 2000a).

We considered that other glycan structures might also
participate in the metastatic process. It was reported that
sialylated and fucosylated N-acetyllactosamine struc-
tures (named Lewis antigens or Lewis epitopes), such as
SLex and SLea, are involved in the process of metastasis
(Hakomori 1996). Lewis antigens are located mainly on
O-glycans and glycolipids. These oligosaccharide anti-
gens serve as the ligands of E- or P-selectin expressed on
the surface of vascular endothelial cells, and mediate the
adhesion of malignant cells to vascular endothelium by
combining with E-/P-selectin, which is the initial step of
malignant cells to penetrate through the vessels before
metastasis (Varki 1994; Takeda et al. 1993; Hakomori
1996). Clinical statistics and experimental results also
indicate that patients with cancer cells strongly ex-
pressing SLex or SLea have a significantly higher risk to
develop hematogenous metastasis, and these factors
eventually affect the overall prognosis of the patients
(Nakamori et al. 1993; Jorgensen et al. 1995; Ogawa
et al. 1994). Therefore, sialyl Lewis antigen is another
kind of metastasis-related glycan on the cell structure.

The synthesis of SLex and SLea in cancer cells is
regulated by a set of glycosyltransferases. The last step
of their synthesis, fucosylation, is catalyzed by a1,3 fu-
cosyltransferases (a1,3 FucTs). Six subtypes of human
a1,3 FucTs have been cloned. Four of them (a1,3 FucT-
III, V, VI, and VII) efficiently fucosylate sialylated ac-
ceptors (Kukowska-Latallo et al. 1990; Weston et al.
1992a, 1992b; Sasaki et al. 1994), while a1,3 FucT-IV,
and a1,3 FucT-IX prefer neutral acceptors (Lowe et al.
1991; Kudo et al. 1998). a1,3/1,4 FucT-III is the only a
FucT having both a1,3 and a1,4 fucosylation activities
which can synthesis both a1,3 fucosyl containing Lex or
SLex, and a1,4 fucosyl containing SLea (Kukowska-
Latallo et al. 1990), while a1,3 FucT-VII only catalyzes

the synthesis of SLex (Sasaki et al. 1994). There are
many accounts in the literature reporting that the ex-
pressions of a1,3 FucTs are positively related to the
metastasis potency of cancers, and negatively related to
the prognosis of the patients (Ito et al. 1997; Ogawa et al.
1997).

The 7721 cell line expresses a moderate amount of
nm23-H1 (Liu et al. 2000). Three clones (Clone 4, 3, and
2) of nm23-H1 cDNA-transfected 7721 cells were es-
tablished in our laboratory. These positive clones stably
expressed different levels of nm23-H1 mRNA and pro-
tein, which were highest in clone 3 and lowest in clone 4
(Guo et al. 2000a). In the present investigation, the
changes in the expressions of SLex and a1,3 FucT-VII of
these clones and their relation to the metastatic potential
of 7721 cells, including the cell adhesion to human
umbilical vein endothelial cells (HUVEC), chemotaxic
cell migration and invasion, were studied. The cells used
as control were mock-transfected with the pcDNA3
vector of nm23-H1 cDNA.

Materials and methods

The 7721 hepatocarcinoma cell line was obtained from the Institute
of Cell Biology, Academic Sinica. HUVEC (2–3 passages after
isolation) was provided by the Department of Anatomy in our
University. RPMI 1640 and DMEM medium, TRIzol and matrigel
were purchased from Gibco/BRL. Plasmid containing cDNA of
a1,3 FucT-VII and monoclonal antibody (mAb) CA19–9 (anti-
SLea) were a gift from Dr. Narimatsu at Soka University of Japan.
KM93 (anti-SLex mAb) and FH6 (anti-SDLex mAb) were kindly
provided by Dr. Ando at Tokyo Metropolitan Institute of Ger-
ontology and Dr. Hakomori at University of Washington respec-
tively. CD15 (anti-Lex mAb) and HRP-labeled antibodies to
mouse- and rabbit IgG were purchased from Dako. The cDNA of
3-phosphoglyceraldehyde dehydrogenase (GAPDH) was a gift
from Dr. Shimizu at Tokushima University. TNF-a, FITC-conju-
gated goat antibodies against mouse IgM and IgG were purchased
from Sigma. A random primer labeling kit was from Promega.
Hybond-N+ nylon membrane, a ECL+plus Western blotting
detection system, and [a-32P]-dATP were from Amersham. Insert
(transwell) and 24-well cell culture plates were obtained from
NUNC Company. Other reagents were commercially available in
China.

Cell culture

Cells were cultured at 37 �C, 5% CO2 in RPMI-1640 medium
containing 10% FCS, penicillin, and streptomycin as previously
described by our laboratory (Guo et al. 2000a, Liu et al. 2001a).

Detection of Lewis antigens with flow cytometry

The cells (1·106) were detached with 2 mmol/l EDTA, washed and
re-suspended in PBS containing 1% BSA, then incubated with
different monoclonal antibodies of Lewis antigens (1:50 dilution)
for 30 min at 4 �C. After two washes, the cells were incubated for
45 min at 4 �C with 1:200 dilution of FITC-conjugated goat anti-
bodies against mouse IgM (for CD15, KM93, and FH6) or IgG
(for CA19–9). Then the cells were subjected to fluorescence analysis
performed on a FACStar Plus model 50H flow-cytometric appa-
ratus after suitable washing. Fluorescence 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 fluores-
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cence intensity, respectively, as shown by the ‘‘positive’’ bar in the
figures. Quantitative data were expressed as the mean fluorescence
intensities of the positive cells in three independent and repeatable
experiments.

Total RNA extraction and Northern blot analysis
of a-1,3 FucT-VII

Total RNA was extracted from cells using TRIzol according to the
protocol provided by Promega. Northern blot analysis was carried
out according to the method described in our previous paper (Liu
et al. 2000, 2001a). In brief, total RNA (30 lg) was separated by
formaldehyde denatured electrophoresis, then transferred to Hy-
bond-N+ nylon membrane, and pre-hybridized for 4–6 h at 65 �C
in 0.2 mol/l sodium phosphate buffer (pH7.4)/ 1 mmol/l EDTA/
1%BSA/7%SDS/ 15% formamide. Hybridization was performed
at 65 �C for 16–20 h in the same hybridization solution containing
[a-32P] labeled probe of a-1,3 FucT-VII. The hybridized membrane
was washed 3–5 times with 40 mmol/l sodium phosphate buffer
(pH 7.4)Æ1%SDSÆ1 mmol/l EDTA for 30 min at 65 �C, followed by
autoradiography. The intensities of the mRNA bands were quan-
tified by densitometric scanning and compared with the intensities
of GAPDH bands on the same membrane, which was re-hybridized
by GAPDH probe. The magnitude of expression was indicated as
the ratio of the intensity (absorbance units) of the aFucT-VII band
to the intensity of the GAPDH band.

The probe used for detection of a1,3 FucT-VII was the full-
length cDNA of a1,3 FuT-VII. The GAPDH mRNA was deter-
mined with GAPDH cDNA for intrinsic control. These probes
were labeled with [a 32P]-dATP using random primer labeling kit
from Promega according to the instruction described in the
manual.

Assay of cell adhesion to HUVEC

Assay of cell adhesion to HUVEC was carried out according to the
method reported by Takada et al. (Takada et al. 1993) with minor
modification. Chiefly, HUVEC were coated on a 96-well plate and
stimulated with 200 ng/ml TNF-a for 4 h. Then 100 ll of the cul-
tured cells (1·105/well) were added to the wells of the plate and
further incubated for 30 min at 4 �C. After washing with PBS five
times, the cells were fixed with glutaradehyde and stained with
crystal violet. The numbers of cells adhered to HUVEC were
counted in 8 HPFs (·200). The data were expressed by the mean
value of adhered cells per HPF in triplicate with two independent
experiments.

Determination of chemotaxic cell migration and invasion

The chemotaxic cell migration assay was performed using 24-well
transwell units with polycarbonate filters of 8 lm pore size ac-
cording to the method of Yu et al. (Yu et al. 1994) as described by
Liu et al. (Liu et al. 2000). Each lower compartment of the tran-
swell contained 600 ll of 0.5% FCS in DMEM as chemoattractant,
or 0.5% BSA as negative control. Cells (2·104) in 0.1 ml DMEM-
0.1% BSA were added into the upper compartment of the transwell
unit and incubated for 6 h at 37 �C in a humidified atmosphere
containing 5% CO2. The cells were then fixed with glutaraldehyde
and stained with crystal violet. Then the numbers of the cells that
had migrated to the lower side of the polycarbonate filter were
counted in 8 HPFs (·200). The data were expressed by the mean
value of cells per HPF in triplicate with two independent experi-
ments.

To assay chemotaxic cell invasion, the method was the same as
in the chemotaxic cell migration assay, except that the upper side of
polycarbonate filter was coated with 0.1 ml (20 lg/filter) of ma-
trigel in cold DMEM to form a continuous thin layer (Yu et al.
1994). Cells (1·105) in 0.1 ml were added, and the incubation time
was prolonged to 36 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.

Inhibition of cell adhesion, migration, and invasion
with monoclonal antibody

For inhibition of cell adhesion, migration, and invasion, the 7721
cells were pre-incubated with 10 ng/ml different monoclonal anti-
bodies (CD15, KM93, FH6 or CA19–9) for 30 min at 4 �C. Sub-
sequently, the cells were added to the coated wells of the culture
plate for adhesion assay, or to the transwells for migration or
invasion assay.

Determination of cell growth

The harvested cells were washed with PBS, and the viable cells were
counted every day in triplicate after staining with trypan blue.

Assay of colony formation on soft agar

The wells of culture plate were coated with 0.8% agar in
RPMI1640 to form a layer of gel, and 5·103 cells suspended in
0.3% agar gel/RPMI1640 were added onto the wells. The plates
were incubated at 37 �C under 5% CO2 for 2 weeks, then the cell
colonies (>50 cells) were counted.

Results

Expression of Lewis antigens on the surface
of 7721 cell mock-transfected with pcDNA3 vector

Using monoclonal antibodies, FITC-labeled second
antibodies, and flow cytometric methods, the expres-
sions of four Lewis antigens on the surface of 7721 cells
mock-transfected with pcDNA3 vector were determined;
the fluorescence-activated cell spectra (FACS) are shown
in Fig. 1. It was found that only SLex was significantly
expressed on the mock cells (the peak of its FACS was
obviously shifted to the right), when compared with the
‘‘(–) control’’ sample without the addition of the first
antibody, while the other three Lewis antigens, Lex,
SDLex, and SLea expressed very little. These results were
in accordance with the findings on the parental (quies-
cent) 7721 cells reported in our previous paper (Liu et al.
2001a).

Decrease of SLex expression on the cell surface
after transfection with nm23-H1 cDNA

As shown in Fig. 2a and b, the expression of SLex on the
cell surface was down-regulated after the transfection of
nm23-H1 cDNA, as compared with the mock cells.
Among the three selected nm23-H1 positive clones, SLex

on clone 3 and clone 2 decreased significantly (P<0.05),
but that on clone 4 decreased slightly with no statistical
significance. The down-regulation of the expression of
the other three Lewis antigens could not be detected
owing to their low level of expression.
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Decrease of the mRNA of a1,3 FucT-VII
after transfection with nm23-H1 cDNA

SLex can be synthesized by aFucT-III, V, VI, and VII
(Narimatsu 1998). We have found with Northern blot
that the expression of a1,3 FucT-III and VI was very low
in 7721 cells (Liu et al. 2001a; 2001b); the gene of a1,3
FucT- was reported to be silent in many tissues
(Narimatsu 1998). We also found that the expression of
a1,3 FucT-VII, but not a1,3/1,4 FucT-III and a1,3
FucT-VI, was increased after the transfection of the

oncogene, c-erbB2/neu (Liu et al. 2001a). Therefore, a1,3
FucT-VII may be the main enzyme responsible for the
synthesis of SLex in 7721 cells. a1,3 FucT-VII only
shares 42–47% identity in amino acid sequences with
aFucT-III/V/VI and a1,3 FucT-IV (Sasaki 1994),
therefore, its cDNA probe is specific, and does not cross-
hybridize with the mRNA of other a FuTs. As indicated
in Fig. 3a, parental and mock-transfected cells expressed
a moderate amount of a1,3 FucT-VII. The fragment of
a1,3 FucT-VII mRNA transcript was about 2.3 kb. Its
expression was decreased after the transfection of
nm23-H1, and the magnitude of reduction was clone
3>clone 2> clone 4 (Fig. 3b), which was, in general,
compatible with the expressions of SLex on these three
clones. The decrease in clone 3 and 2 were statistically
significant (P<0.05) when compared with the mock
cells. Using reverse transcription-polymerase chain
reaction (RT-PCR), our laboratory also found that the
transcript of a1,3 FucT-VII was higher than that of a1,3
FucT-VI (unpublished data).

Decrease of cell adhesion to HUVEC
after transfection with nm23-H1 cDNA

To mimic the sialyl Lewis antigen/selectin interaction in
vivo, TNF-a was used for stimulating the expression of
E/P-selectin on the surface of HUVEC before the de-
termination of cell adhesion to coated HUVEC. It was

Fig. 1. Flow-cytometric analysis of the expressions of Lewis
antigens on the surface of mock-transfected 7721 cells. (–) Control:
background of fluorescence, the first antibody (mAb) was omitted
in the assay; Lex: Lewis X, detected with the monoclonal antibody
CD15; SLex: sialyl Lewis X, detected with the monoclonal antibody
KM93; SDLex: sialyl dimeric Lewis X, detected with the monocl-
onal antibody KH6; SLea: sialyl Lewis A, detected with the
monoclonal antibody CA19–9. The procedure of the experiment is
described in ‘‘Methods’’

Fig. 2a,b. Flow-cytometric analysis of SLex expression on the
surface of parental, mock, and nm23-H1-transfected 7721 cell. a
Fluorescence-activated cell spectra (FACS) for SLex; b Relative
expression of SLex in different clones of cells. (–) Control:
background of fluorescence, the first antibody (mAb) was omitted
in the assay; 7721: parental cells without any transfection; mock:
7721 cells transfected with pcDNA3 vectors; clones 4, 3, 2: three
clones of 7721 cells transfected with nm23-H1 cDNA. * P<0.05;
compared with the mock cells (n=3). The procedure of the
experiment is described in ‘‘Methods’’
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observed that the adhesion of nm23-H1 transfected 7721
cells to HUVEC was reduced when compared with the
parental or mock cells (Fig. 4). The degree of the re-
duction was most obvious in clone 3 (P<0.01), moder-
ate in clone 2 (P<0.05), and not significant in clone 4,
which was compatible with the order of the reduction of
a1,3 FucT-VII expression.

Decrease of cell migration and invasion
after transfection with nm23-H1 cDNA

The abilities of chemotaxic cell migration and invasion
are important in the metastasis of malignant cells.
Therefore, these abilities were examined in the nm23-
H1transfected 7721 cells. Transfection of nm23-H1 into
7721 cells markedly decreased cell migration (Fig. 5a)
and invasion (Fig. 5b). The number of migrated and
invaded cells for clone 3 was the least (P<0.01), clone 2
was moderate (P<0.05), and clone 4 was the most
(P<0.05). Therefore, the abilities of chemotaxic cell
migration and invasion were correlated to the expres-
sions of SLex and a1,3 FucT-VII, as well as the cell
adhesion to HUVEC.

Abolition of cell adhesion to HUVEC, cell migration,
and invasion by antibodies of Lewis antigens

When different monoclonal antibodies against Lewis
antigens were added to block the corresponding Lewis
antigens on the surface of parental 7721 cells, it was
found that only KM93 (anti-SLex mAb) showed signif-
icant inhibition on the cell adhesion to HUVEC
(P<0.01). FH6 (anti-SDLex mAb) slightly, but not
significantly (P>0.05), suppressed the adhesion. In
contrast, other antibodies (CD15 and CA-19–9) did not
show any obvious blocking effects (Fig. 6a). Therefore,
only KM93 and FH6 were chosen to further test their
effects on cell migration and invasion. As shown in
Fig. 6b, KM93 also obviously (P<0.01) and FH6
slightly (P>0.05) abolished these two biological activi-
ties of the cells. These findings indicate that sialyl Lewis
antigens, especially SLex, plays a critical role in the cell
adhesion to HUVEC, cell migration and invasion.

Cell growth and colony formation before
and after the transfection of nm23-H1

After the 7721 cells were transfected with the cDNA of
nm23-H1, cell growth was not altered (Fig. 7a). In ad-
dition, the ability of colonies to form on soft agar
changed a little. Only the decrease of clone 3 was sta-
tistically significant (P<0.05) (Fig. 7b).

Discussion

The metastatic potential of malignant cells is better as-
sayed in vivo by inoculation of the malignant cells into
nude mice, followed by counting the number of meta-
static foci in the lung. However, metastatic potential can
be also assayed by means of a variety of cell-level tech-
niques, such as cell adhesion, migration, invasion, and

Fig. 3a,b. Expression of a1,3 FucT-VII mRNA in paretal, mock,
and nm23-H1-transfected 7721 cells. a Northern blot profiles of
a1,3 FucT-VII mRNA with a1,3 FucT-VII full-length cDNA as
probe (an example of three experiments); b Densitometric
quantification of aFuT-VII mRNA. 7721: parental 7721 cells
without any transfection; M or mock: 7721 cells transfected with
pcDNA3 vectors; clones 4, 3, 2: three clones of 7721 cells
transfected with nm23-H1 cDNA. * P<0.05; compared with the
mock cells (n=3). The procedure of the experiment is described in
the ‘‘Methods’’

Fig. 4. Adhesion to HUVEC of parental, mock, and nm23-H1-
transfected 7721 cells. 7721: parental cells without any transfection;
mock: 7721 cells transfected with pcDNA3 vectors; clones 4, 3, 2:
three clones of 7721 cells transfected with nm23-H1 cDNA. **
P<0.01,* P<0.05 compared with the mock cells (n=6). The
procedure of the experiment in described is ‘‘Methods’’. HUVEC
were pre-stimulated with 200 ng/ml TNF-a
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angiogenesis (Welch 1997), and these assays have been
widely used in many laboratories. Our group has ob-
served that cell adhesion to immobilized laminin was
decreased in nm23-H1-transfected 7721 cells as com-
pared with the mock-transfected cells (Guo et al. 2000a).
In this study, we found that cell adhesion to TNF-a
stimulated HUVEC, chemotaxic cell migration, and in-
vasion were also reduced in nm23-H1 transfected 7721
cells. These findings indicate that the reduction of cell
adhesion to laminin and HUVEC, as well as the cell
migration and invasion are good indices for the assess-
ment of metastatic potential at the cell level.

The results of this investigation indicate that the in-
hibition of nm23-H1 on the metastasis-related pheno-
types of 7721 cells is at least partially mediated by the
down-regulation of a1,3 FucT-VII and it product, SLex.
This is evidenced by the following findings: (1) the de-
crease of cell adhesion to HUVEC, cell migration, and
invasion were inversely correlated to the expression of
nm23-H1 mRNA and protein in clones 3, 4, and 2. For
example, clone 3 expressed the highest mRNA and
protein of nm23-H1 (about two and four times as much,
respectively, as those in the mock cells [Guo et al.

2000a]) and obtained the lowest metastatic-related phe-
notypes (this study), while clone 4 expressed the lowest
nm23-H1 (only 30% and 50%, respectively, higher than
those in the mock cells), but showed the highest meta-
static potential; (2) in different clones of nm23-H1
transfected 7721 cells, the reduction of cell adhesion to
HUVEC, cell migration, and invasion (Fig. 4 and
Fig. 5) were generally proportional to the decrease of
SLex and a1,3 FucT-VII expression (Fig. 2 and Fig. 3);
(3) cell adhesion to HUVEC, as well as cell migration
and invasion were significantly abolished only by the
specific monoclonal antibody of SLex, KM93, suggest-
ing that SLex is the most important Lewis antigen re-
sponsible for the above metastasis-related phenotypes in

Fig. 6a,b. Effect of monoclonal antibodies on cell adhesion to
HUVEC, cell migration, and invasion. a Inhibition of monoclonal
antibodies on cell adhesion to HUVEC; b Inhibition of monoclonal
antibodies on chemotaxic cell migration and invasion. Control:
cells not treated with any antibodies; CD15: mAb to Lex; KM93:
mAb to SLex; FH6: mAb to SDLex; CA-19–9: mAb to SLea. The
procedures of the experiments were the same as described under
Fig. 4 and Fig. 5, except that the cells were pre-treated with
different monoclonal antibodies against different Lewis antigens
(10 ng/ml) for 30 min at 4 �C. ** P<0.01 compared with the
‘‘control’’ cells (n=3)

Fig. 5a,b. Migration and invasion of parental, mock, and nm23-
H1-transfected 7721 cells. a Chemotaxic cell migration; b Chemo-
taxic cell invasion. 7721: parental cells without any transfection;
mock: 7721 cells transfected with pcDNA3 vectors; clones 4, 3, 2:
three clones of 7721 cells transfected with nm23-H1 cDNA. **
P<0.01,* P<0.05 compared with the mock cells (n=6). The
procedure of the experiment is described in ‘‘Methods’’
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7721 cells: (4) the expression of a1,3/1,4 FucT-III, a1,3
FucT-VI, and their corresponding products, SLea and
SDLex, were rather low in 7721 cells (Liu et al. 2001a,
2001b), but that of a1,3 FucT-VII and its product, SLex,
were more expressed, indicating that a1,3 FucT-VII is
the most likely enzyme in the synthesis of SLex in 7721
cells. The expression of a1,3 FucT-VII was down-regu-
lated after transfection of nm23-H1 and was not very
obvious (maybe due to the sufficient expression of nm23-
H1 in the parental 7721 cells), but this result was re-
peatable and statistically significant in clones 3 and 2.
However, the contribution of a1,3/1,4 FucT-III, and
a1,3 FucT-VI – especially the latter – in the synthesis of
SLex cannot be ruled out, as it was reported that a1,3
FucT-VI exhibited the strongest relative activity for
SLex synthesis, almost 6.4-fold that of a1,3/1,4 FucT-III,
and 1.5-fold that of a1,3 FucT-VII (Togayachi et al.
1999).

We have found that the transfection of oncogene,
H-ras, and v-sis, up-regulated the expression of GnT-V
and its product, GlcNAcb1,6 branch in N-glycans, as

well as metastasis-related phenotypes of 7721 cells (Guo
et al. 2000b). Moreover, transfection of c-erbB2/neu
augmented the expression of a1,3 FucT-VII, its product,
SLex, and metastatic potential (Liu et al. 2001a). On the
other hand, transfection of nm23-H1 simultaneously
down-regulated the expressions of both GnT-V/Glc-
NAcb1,6 branch of N-glycans and a1,3 FucT-VII/SLex,
as well as the metastatic phenotypes (Guo et al. 2000a
and this paper). In addition, transfection of the cDNA
of GnT-V or a1,3 FucT-VII into 7721 cells resulted in
the enhancement of the metastatic phenotypes (Guo
et al. 2001; Liu et al. 2001a). These findings prove that
not only GnT-V/GlcNAcb1,6 branch of N-glycans, but
also a1,3 FucT-VII/SLex are the metastasis-associated
molecules for human hepatocarcinoma cells.

The rate of cell growth and the ability of colony
formation on soft agar are two well-known indices for
the assessment of cell malignancy. The transfection of
nm23-H1 did not alter the cell growth, and slightly de-
creased the ability of colony formation on soft agar.
However, among three nm23-H1 transfected clones, only
clone 3 was decreased with statistically significant. These
results provide the evidence that nm23-H1 is rather a
metastasis-suppressive gene than a growth-inhibiting
anti-oncogene.

Acknowledgements We thank Dr. H. Narimatsu at Institute of
cell Biology, Soka University (Japan), for their kind gifts of ?1,3
FucT cDNAs, and CA-19–9. We are also grateful to Dr. S. Ando at
Tokyo Metropolitan Institute of Gerontology and Dr. S.I. Hako-
mori at University of Washington for their gifts of KM93 and
FH6, respectively.

References

Baba H, Urano T, Okada K, Furuka K, Nakayama E, Tanaba H,
Iwasaki K, Shiku H (1995) Two isotypes of murine nm23/nu-
cleoside diphosphate kinase, nm23-M1 and nm23-M2, are in-
volved in metastatic suppression of a murine melanoma line.
Cancer Res 55:1977–1981

De La Rosa A, Williams RL, Steeg PS (1995) nm23/nucleoside
diphosphate kinase: toward a structural and biochemical un-
derstanding of its biological functions. BioEssays 17:53–62

Dennis JW, Laferte S (1987) Tumor cell surface carbohydrate and
the metastatic phenotype. Cancer Metastasis Rev 5:185–204

Dennis JW, Lafertes S (1989) Oncodevelopment expression of
GlcNAcb1–6 Man a1–6 Man b1branched asparagine linked
oligosacchride in murine tissue and breast carcinoma. Cancer
Res 49:945–950

Dennis JW, Lafertes S, Waghorne C, Breitman ML, Kerbel RS
(1987) b1,6 branching of Asn-linked oligosaccharides is directly
associated with metastasis. Science 236:582–588

Fernandes B, Sagman U, Auger M, Demetrio M, Dennis JW
(1991) b1,6 branched oligo-saccharides as a marker of tumor
progression in human breast and neoplasia. Cancer Res 51:718–
723

Fujimoto Y, Ohtake T, Nishimori H, Ikuta K, Ohhira M, Ono M,
Kohgo Y (1998) Reduced expression and rare genomic altera-
tion of nm23-H1 in human hepatocarcinoma and hepatoma cell
line. J Gastroenterol 33:368–375

Fukuda M, Ishii A, Yasutomo Y, Shimada N, Ishikawa N, Hanai
N, Nagata N, Irimura T, Nicolson GL, Kimura N (1996) De-
creased expression of nucleoside diphosphate kinase a isoform,
an nm23-H2 gene homology, is associated with metastatic po-

Fig. 7a,b. Cell growth and colony formation of parental, mock,
and nm23-H1 transfected 7721 cells. a Growth curve of different
cells; b Colony formation of different cells on soft agar 7721:
parental cells without any transfection; mock: 7721 cells transfected
with pcDNA3 vectors; clones 4, 3, 2: three clones of 7721-cells
transfected with nm23-H1 cDNA. The procedure of the experiment
is described in ‘‘Methods’’

195



tential of rat mammary adeno-carcinoma cells. Int J Cancer
65:531–537

Gilles AM, Presecan E, Vonica A, Lascu I (1991) Nucleoside di-
phosphate kinase from human erythrocytes. J Biol Chem
266:8784–8789

Guo HB, Liu F, Zhao JH, Chen HL (2000a) Down-regulation of
N-acetylglucosaminyl-transferase V by tumorigenesis- or me-
tastasis-suppressor gene and its relation to metastatic potential
of human hepatocarcinoma cells. J Cell Biochem 79:370–385

Guo HB, Zhang QS, Chen HL (2000b) Effects of H-ras and v-sis
over-expression on N-acetyl-glucosaminyltransferase V and
metastasis-related phenotypes in human hepatocarcinoma cells.
J Cancer Res Clin Oncol 126:263–270

Guo HB, Zhang Y, Chen HL (2001) Relationship between me-
tastasis-associated phenotypes and N-glycan structure of sur-
face glycoproteins in human hepatocarcinoma cells. J Cancer
Res Clin Oncol 127:231–236

Hakomori SI (1996) Tumor malignancy defined by aberrant gly-
cosylation and sphingo (glyco) lipid metabolism. Cancer Res
56:5309–5318

Hirayama R, Sawai S, Takagi Y (1991) Positive relationship be-
tween expression of the anti-metastatic factor (nm23 gene
product or nucleoside diphosphate kinase) and good prognosis
in human breast cancer. J Natl Cancer Inst 82:1249–1250

Ito H, Hiraiwa N, Sawada-Kasugai M, Akamatsu S, Tachikawa T,
Kasai Y, Akiyama S, Ito K, Takagi H, Kannagi R (1997) Al-
tered mRNA expression of specific molecular species of fucosyl-
and sialyl-transferases in human colorectal cancer tissues. Int
J Cancer 71:5560–5564

Jorgensen T, Berner A, Kaalhus O, Tveter KJ, Danielsen HE,
Bryne M (1995) Up-regulation of the oligosaccharide sialyl
Lewis X: a new prognosis parameter in metastatic prostate
cancer. Cancer Res 55:1817–1819

Kantor JD, Mccormick B, Steeg PS, Zetter BR (1993) Inhibition of
cell mobility after nm23 transfection of human and murine tu-
mor cells. Cancer Res 53:1971–1973

Kudo K, Ikehara Y, Togayachi A, Kaneko M, HiragaT, Sasaki K,
Narimatsu H (1998) Expression, cloning and characterization
of a novel murine a1,3-fucosyltransferase, mFuc-TIX, that
synthesis the Lewis X (CD15) epitope in brain and kidney. J Biol
Chem 273:26729-26738

Kukowska-Latallo JF, Larsen, RD, Nair RP, Lowe JB (1990) A
cloned human cDNA determines expression of a mouse stage-
specific embryonic antigen and the Lewis blood group (a1,3/1,4)
fucosyltransferase. Genes Develop 4:1288–1303

Liu F, Qi HL, Chen HL (2000) Effect of all-trans retinoic acid
and epidermal growth factor on the expression of nm23-H1 in
human hepatocarcinoma cells. J Cancer Res Clin Oncol
126:85–90

Liu F, Qi Hui-ling, Zhang Y, Zhang XY, Chen HL (2001a)
Transfection of c- erbB2/neu gene up-regulates the expression
of sialyl Lewis X, a1,3 fucosyltransferase VII and metastatic
potential in human hepatocarcinoma cell line. Eur J Biochem
268:3501–3512

Liu F, Qi Hui-ling, Chen HL (2001b) Regulation of differentiation-
and proliferation inducers on Lewis antigens, a-fucosyltrans-
ferase and metastatic potential in hepatocacinoma cells. Brit
J Cancer 84:1556–1563

Lowe JB, Kukowska-Latallo JF, Nair RP, Larsen RD, Marks RM,
Marcher BA, Kelly RJ, Ernst LK (1991) Molecular cloning of a
human fucosyltransferase gene that determines expression of
the Lewis X and VIM-2 epitopes but not ELAM-1-dependent
cell adhesion. J Biol Chem 266:17467–17477

Marone M, Scambia G, Ferrandina G, Ghiannitelli C, Benedetti-
Panici P, Iacovella S, Leone A, Mancuso S (1996) Nm23

expression in endometrial and cervical cancer inverse correla-
tion with lymph node involvement and myometrial invasion.
Brit J Cancer 74:1063–1068

Nakamori S, Kameyama M, Imaoka S, Furukawa H, Ishikawa O,
Sasaki T, Kabuto T, Iwanaga T, Matsushita Y, Irimura T
(1993) Increased expression of sialyl Lewis X antigen correlates
with poor survival in patients with colorectal carcinoma: clin-
icopathological and immuno-histochemical study. Cancer Res
53:3632–3637

Narimatsu H (1998) Human fucosyltransferases, tissue distribution
of blood group antigens, cancer-associated antigens and fuco-
syltransferase. Protein, Nucleic Acid, Enzyme 48:2394–2403
(Japanese)

Ogawa J, Tsurumi T, Yamada S, Koide S, Shohtsu A (1994) Blood
vessel invasion and expression of sialyl Lewis X and prolifer-
ating cell nuclear antigen in non-small cell lung cancer. Cancer
73:1177–1183

Ogawa J, Inoue H, Koide S (1997) a-2,3-sialyltransferase type 3N
and a-1,3-fucosyltrans-ferase type VII are related to sialyl Lewis
X synthesis and patient survival from lung carcinoma. Cancer
79:1678–1685

Sasaki K, Kurata K, Funayama K, Nagata M, Watanabe E, Ohta
S, Hanat N, Nishi T (1994) Expression cloning of a novel a1,3-
fucosyltransferase that is involved in biosynthesis of the sialyl
Lewis X carbohydrate determinants in leukocytes. J Biol Chem
269:14730–14737

Steeg PS, Bevilacqua G, Kopper L, Thorgeirsson UP, Talmadge
IE, Liotta LA, Sobel ME (1988) Evidence for a noval gene
asssociated with low tumor metastatic potential. J Natl Cancer
Inst 80:200–204

Takada A, Ohmori K, Yoneda T, Tsuyuoka K, Hasegawa A, Kiso
M, Kannagi R (1993) Contribution of carbohydrate antigens
sialyl Lewis A and sialyl Lewis X to adhesion of human cancer
cells to vascular endothelium. Cancer Res 53:354–361

Togayachi A, Kudo T, Ikehara Y, Iwasaki H, Nishihara S, Andoh
T, Higashiyama M, Kodama K, Nakamori S, Narimatsu H
(1999) Up-regulation of Lewis enzyme (FucTIII) and plasma-
type a1,3 fucosyltransferase (Fuc-TVI) expression determines
the argmented expression of sialyl Lewis X antigen in non-small
cell lung cancer. Int J Cancer 83:70–79

Tokunaga Y, Urano T, Furukawa K (1993) Reduced expression of
nm23-H1, but not of nm23-H2, is concordent with the frequency
of lymph node metastasis of human breast cancer. Int J Cancer
55:66–71

Varki A (1994) Selectin ligands. Proc Nat Acad Sci USA 91:7390–
7397

Welch DR (1997) Technical considerations for studying cancer
metastasis in vitro. Clin Exp Metastasis 15:272–306

Weston BW, Nair RP, Jarsen RD, Lowe JB (1992a) Isolation of a
novel human a1,3 fucosyl-transferase gene and molecular
comparison to the human Lewis blood group a(1,3/1,4) fuco-
syltransferase gene, synthetic, homologous, nonallelic genes
encoding enzymes with distinct acceptor substrate specificity.
J Biol Chem 267:4152–4160

Weston BW, Smith PL, Kelly RJ, Lowe JB (1992b) Molecular
cloning of a fourth member of a human a(1,3) fucosyltrans-
ferase gene family. Multiple homologous sequences that deter-
mine expression of the Lewis X, sialyl Lewis X, and difucosyl
sialyl Lewis X epitopes. J Biol Chem 267:24575–24584

Yu D, Wang SS, Dulki KM, Tsai CM, Nicolson GL, Hung MC
(1994) C-erbB2/neu over-expression enhances metastatic po-
tencial of human lung cancer cells by induction of metastasis-
associated properties. Cancer Res 54:3260–3266

196


