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Fucosyltransferase III and sialyI-Le x expression correlate 
in cultured colon carcinoma cells but not in colon 
carcinoma tissue 
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The potential contribution of fucosyltransferases to the overexpression of sialyl-Le x antigen was investigated in the 
colon carcinoma cell line HT-29 and in human colon carcinoma tissue. In HT-29 cells as well as in normal or 
malignant colonic tissues Fuc-TIII, Fuc-TIV, Fuc-TVI but not Fuc-TV nor Fuc-TVII were detectable after RT-PCR. 
Sodium butyrate treatment of HT-29 cells increased (to about 200%) and DMSO treatment decreased (to about 
20%) the expression of sialyl-Le x. This modulation of sialyl-Le x was concomitant with the analogous increase/ 
decrease of mRNA of Fuc-TIII but not Fuc-TIV. Fuc-TVI was not detectable by Northern blotting in HT-29 cells. 
In six human colon carcinomas which exhibited strong overexpression of sialyl-Le x, the expression of Fuc-TIII- 
mRNA was the same or lower than in the corresponding normal colonic tissue. Thus Fuc-TIII expression may be 
affecting the expression of the sialyl-Le x moiety in HT-29 cells but not in human colon carcinoma tissue. 
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Introduction 

The carbohydrate antigens sialyl-Le x as well as sialyl- 
dimeric-Le x (sialyl-LeXLe x) belong to the modified blood 
group antigens overexpressed in colonic cancer (reviewed 
in [1, 2]). This observation has gained particular signifi- 
cance since it has been shown that sialyl-LeXLe x moiety is 
expressed more frequently and in larger amounts in 
metastatic tissue than in the primary colonic tumours, 
thus lending support to the hypothesis that the over- 
expression of  this tumour antigen may be related to the 
process of  metastasis [3-5]. Subsequent cell adhesion 
experiments showed that the sialyl-Le x moiety is the 
ligand for P-selectin [6] as well as for E-selectin [7], 
which triggers the process of  granulocyte extravasation 
[8, 9]. These findings have supported the concept that 
sialyl-Le x antigen might be initiating the extravasation of  
tumour cells and thus enhancing the metastatic process 
[10]. Indeed, the expression of  this antigen is an 
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unfavourable prognostic factor in patients with colonic 
[11, 12] and bladder carcinoma [13]. 

Notwithstanding the functional significance of  sialyl- 
Le x, the common lesions(s) causing the strong over- 
expression of  this antigen in the majority of  colon 
carcinomas has not been identified. As the carriers of  
sialyl-LeX-groups in colonic tissue the mucins MUC1 and 
MUC2 have been identified [14, 15]. Since their expres- 
sion usually does not change after malignant transforma- 
tion of  colonic tissue, the overexpression of  sialyl-Le x 
appears to be mainly due to a more frequent presence of  
these groups on the mucin core [16]. This alteration 
could be due to an increased activity of  one of  the 
enzymes operative in the biosynthesis of  the sialyl-Le X 
moiety. 

In the course of  biosynthesis of  this antigen the type 2 
carbohydrate chain, which is preferentially synthesized in 
colon cancer cells [17], is modified by the a2-3- 
sialyltransferase(s) as the penultimate and the a l-3- 
fucosyltransferase(s) as the ultimate step in the biosyn- 
thetic sequence [18]. The a l -3  fucosylation step in the 
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sialyl-Le x synthesis can be catalysed in vitro by several 
genetically distinct transferases. The transfection of COS 
cells with either Fuc-TIII [19], Fuc-TV [20] or Fuc-TVI 
[21] or of CHO cells with Fuc-TIV [22] resulted in 
expression of the normally absent sialyl-Le x antigen on 
the cell surface. These results suggested that one of these 
fucosyltransferases could be determining the level of 
sialyl-Le x expression in tumour cells. Which transferase 
is essential for the biosynthesis of the sialyl-Le x moiety 
in normal or carcinomatous colonic tissue is not yet 
known. Previous studies suggested that the Fucal-  
3GlcNAc transferase activity is higher in carcinoma than 
in the normal colonic tissue [23-25]. These enzymatic 
assays did not, however, unequivocally relate the increase 
of activity to a defined gene product. However, the recent 
cloning of Fuc-TIII [26], Fuc-TIV [19, 23, 27,28], Fuc- 
TV [20], Fuc-TVi [21, 29] and Fuc-YVII [30] enables the 
expression of each gene product to be investigated at the 
mRNA level. 

In the present work the expression of  the fucosyl- 
transferases potentially involved in sialyl-Le x biosynthesis 
was compared at the mRNA level with the expression of 
this antigen in modulated HT-29 colon carcinoma cells 
and in human colonic tissues. The data indicate that the 
alterations of Fuc-TIII-mRNA expression only in cultured 
cells parallel those of sialyl-Le x expression in cell lines 
while in colon carcinoma tissue factors other than Fuc- 
TIII determine the level of this antigen. 

Materials  and methods  

Cell culture conditions and tissues 

HT-29 cells were obtained from the ATCC. They were 
grown in RPMI 1640 medium supplemented with 10% 
FCS at 37 °C in a humidified atmosphere with 5% CO2 
and passaged once a week. They were mycoplasma-free, 
as seen by testing with the fluorescent dye 4,6-diamino-2- 
phenylindole.2HC1 (DAPI, Serva, Heidelberg, Germany). 

Tumour tissue or normal colonic tissue collected at 
least 10 cm from the tumour was obtained at the time of 
hemicolectomy and RNA was isolated immediately. 

Isolation of  RNA for RT-PCR and Northern blotting 

Total RNA from HT-29 cells grown at half confluence was 
isolated with RNAzolB (Bi0tecx Laboratories Inc., 
Huston, TX) according to the manufacturer's instructions. 
Total RNA from the tissue was extracted with guanidi- 
nium isothiocyanate, as described previously [31]. For RT- 
PCR 20/lg of each 1U~A preparation were treated with 
200 U RNase-free DNase (Boehringer, Mannheim, Ger- 
many) for 2 h at 37 °C in 50 mM Tris buffer, pH 6.5, 
containing 10 ~ MgC12, 20 U R_Nase inhibitor (Boeh- 
ringer, Mannheim, Germany) and 10 mA4 DTT (Gibco 
BRL, Gaithersburg, MD, USA). After digestion the DNase 

was inactivated at 65 °C for 5 rain. For Northern blotting 
polyadenylated RNA was enriched with Dynabeads 
(Dynal, Hamburg, Germany) as recommended by the 
manufacturer. 

Detection of  fucosyltransferases in the RT-PCR reaction 

RT-PCR was carried out as described elsewhere [32]. Here 
2.5/.tg of total RNA were reverse-transcribed in 50/11 
volume containing 2.5/11 original hexanucleotide solution 
as primer and 500 U MMLV reverse transcriptase (MMLV 
RT, Superscript, Gibco) according to the supplier's 
recommendations (Gibco). The reverse transcriptase was 
denatured at 100 °C for 10 min and a cDNA equivalent of 
100 ng RNA was amplified in a reaction volume of 25/.tl 
containing 1 x GeneAmp PCR buffer (Perkin Elmer, 
Cetus, Norwalk, CT, USA), 0.5 U AmpliTaq DNA poly- 
merase (Perkin Elmer), 250/~M of dATP, dGTP, dCTP and 
dTTP and 50 ng of each primer. Prior to amplification the 
sample was heated to 92 °C for 5 min. Amplification was 
performed for 40-45 cycles at 92 °C, 1.5 min; 72 °C, 
3.5 min; and 72 °C for 7 rain after the last cycle in a 
Hybaid Omnigene apparatus. A negative control consisting 
of a 25/.tl reaction mix without cDNA was included in 
each amplification of cDNA. Contamination by genomic 
DNA was excluded by PCR amplification of DNase- 
digested RNA. The primers used to detect Fuc-TIII/Fuc- 
TV have been published previously [33]. Under the 
described conditions they yield a 244 bp amplimer of 
Fuc-TIII and a 283 bp amplimer of Fuc-TV [33]. The 
primers for Fuc-TIV and Fuc-TVI have been described by 
Weston et al. [29] and yield amplimers of 319bp and 
280 bp respectively. The primers amplifying only Fuc-TV 
were 5'CCA GGG CTT ATG GCA GTG GAA CCT G3' 
(forward, bases 139-169) and 5'GAC ATG GTG AGA 
TTG AAG TAT CCG3' (reverse, bases 489-512). They 
gave an amplimer of 374 bp. The primers for Fuc-TVII 
were 5'CCA GCC CAC GAT CAC CAT CCT TGT C3' 
(forward, bases 129-153) and 5'TGC CGC TCC TGG 
AAG TTG CTG ACC 3' (reverse, bases 525-548) and they 
yielded an amplimer of 420 bp, unique for Fuc-TVII [30]. 

Northern blotting 

Northern blots were performed using Nytran membranes 
(Schleicher and Schiill, Dassel, Germany) and overnight 
capillary blotting from 1% agarose gels. The blotted RNA 
was immobilized by UV irradiation (240 m J) in a Strata- 
linker (Stratagene, Heidelberg, Germany). Prehybridiza- 
tion was carried out 6vernight at 42 °C in the presence of 
50% formamide according to a standard procedure [34] 
with denatured herring sperm DNA (Promega, Madison, 
WI, USA). Hybridization was carried out for 15-20 h at 
42 °C with 2 x 106 cpm per ml 32p-labelled DNA probe. 
Autoradiography was performed using Kodak X-Omat 
cassettes with an intensifying screen at -70°C.  The 
autoradiogramms were evaluated with a Hoefer scanning 
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densitometer (Hoefer, San Francisco, CA, USA), and a 
median value of at least three experiments was calculated. 
For testing of the integrity and the amount of the applied 
mRNA fi-actin probe or a polydT-probe were used. The 
actin probe was a 550bp long EcoRI/XhoI gene 
fragment, cloned into a Bluescript vector (Stratagene). 
The random primed labelling of  the excised fragment was 
performed with the Boehringer kit (Boehringer, Man- 
nheim, Germany), as recommended by the manufacturer. 
The polydT probe (48 nucleotides), obtained from TIB 
MOL (Berlin, Germany), was 32p-labelled with terminal 
transferase (Boehringer) according to the protocol of the 
manufacturer. The gene-specific probes for Fuc-TIII, Fuc- 
TIV and Fuc-TVi were amplimers with the length 260 bp, 
435 bp and 280bp respectively, obtained as described 
previously and shown to specifically detect each transfer- 
ase [29]. 

Modulation of  sialyl-Le~-expression in vitro 

HT-29 cells were grown in medium either with or without 
addition of the modulating agent. The cell density at the 
time of harvesting or assays in a half confluent state 
(3 x 105 cells cm -2) was obtained. Sodium butyrate was 
from Fluka (Neu Ulm, Germany), DMSO was from Merck 
(Darmstadt, Germany) and phorbol myristate acetate 
(TPA), dexamethasone, retinoic acid and staurosporine 
were from Sigma (Deisenhofen, Germany). 

Monoclonal antibodies 

Monoclonal antibody AM-3 (IgM) has been produced as 
described previously [35]. It is directed against the 
rnonomeric sialyl-Lewis x group [36]. The monoclonal 
antibody CSLEX-1 (IgM) was kindly donated by Dr 
Terasaki (UCLA, School of Medicine, University of 
California, Los Angeles, CA). 

then stained with FITC-goat anti-mouse IgM conjugate. 
Alternatively, fluorescein-labelled AM-3 antibody was 
used in a one step procedure. Cells were analysed for 
positive staining by FACS-Scan (Beckton-Dickinson, 
Heidelberg, Germany). 

Immunohistochemistry and semiquantitative evaluation of  
staining 

The immunohistochemical detection of sialyl-Le x was 
carried out with the ABC method as described [38] and 
evaluated by two independent observers. The intensity was 
graded as negative (0), low to moderate (1) or strong (2). 
The fraction of expressing cells was divided into: none 
(0), <25% stained cells (1), 25-49% of stained cells (2) 
and 50-100% of stained cells (3). The product of these 
two variables (range 0-6.00) was used as a measure of the 
overall sialyl-Le x expression and was described as negative 
(0), low (1-2) moderate (3-4) or strong (5-6). 

Results  

1. Detection of  fucosyltransferases in HT-29 cells and in 
human colonic tissue by means of  RT-PCR 

The reverse transcriptase-polymerase chain reaction re- 
vealed that HT-29 cells express Fuc-TIII, Fuc-TIV and 
Fuc-TVI transferase. Fuc-TV and Fuc-TVII were absent in 
HT-29 cells (DMSO or butyrate-treated or non-treated), 
(Fig 1). 

Detection o f  sialyl-Le~-expression on the cell membrane by 
ELISA 

The expression of sialyt-Le x on HT-29 cells was carried 
out by ELISA as described previously [37]. The obtained 
ELISA signal was expressed per 105 cells, after cells 
seeded in parallel had been trypsinized and counted. The 
experiments were repeated at least three times and the 
mean values + SD were calculated. 

Quantification of  the antigen in the medium 

The relative content of sialyl-Le x epitope in the cell 
medium was assayed in a sandwich ELISA, with purified 
AM-3 antibody as the catcher and peroxidase-conjugated 
AM-3 antibody as tracer as described [14]. 

E4CS analysis" o f  the modulated cells 

HT-29 cells were fixed in 1.5% paraformaldehyde solution 
in PBS, washed and incubated with anti-sialyl-Le x 
antibody at 4 °C for 30 min, washed again in PBS, and 

Figure 1. Detection of Fuc-TIII, Fuc-TIV and Fuc-TVI transferase 
but not Fuc-TV nor Fuc-TVII in HT-29 cells and in the normal 
and carcinomatous colonic tissue by RT-PCR. As template cDNA 
from HT-29 cells or from normal (N) or tumour (T) tissue was 
used. Genomic DNA from HT-29 cells was used to demonstrate 
that Fuc-TV and Fuc-TVII are detectable under the applied 
conditions. Aliquots of the amplimers were electrophoresed on 
agarose gels and stained with ethidium bromide. The sizes of the 
amplified products are indicated in base pairs (bp). Human tissue 
results are representative for seven patients. 
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The lack of  expression of these enzymes in HT-29 cells 
is not the result of culture conditions since they were also 
not detectable in the normal or carcinomatous tissue of  
seven investigated patients. 

2. Modulation of sialyl-Le x expression in HT-29 cells with 
sodium butyrate or DMSO 

Preliminary experiments indicated that the expression of 
sialyl-Le x in the membrane of  HT-29 cells is not 
dependent on the growth time of  cells. At confluency 
however, a lower ELISA signal per cell than at half 
confluency was observed, probably due to the diminished 
sialyl-Le x epitope accessibility (not shown). To avoid the 
variability due to different cell density, in all experiments 
the cell density at the time of  evaluation corresponded to 
half confluency. 

The treatment of  HT-29 cells for 48 h with 2 mM 
sodium butyrate induces an increase in sialyl-Le x- 
expression on the cell surface to 197 _+ 17% while 
incubation in 1.5% DMSO for 1 week reduced the 
expression to 22 _+ 6% (Fig. 2). The alterations in the 
medium were 176 _+ 18% (sodium butyrate) and 32 + 6% 
(DMSO) of  the control value, respectively. 

Staining either with AM-3 or CSLEX-1 and evaluation 
in FACS confirmed the data obtained by ELISA. The 
mean fluorescence intensity detected with AM-3 antibody 
increased after treatment with sodium butyrate to 
186 _+ 10% and it decreased after treatment with DMSO 
to 24 + 5% of the control value. The corresponding 
values obtained with CSLEX-1 antibody were 228 _+ 7% 
and 49 + 6% respectively (Fig. 2). 

The incubation with TPA (up to 0.2 #M), retinoic acid 
(up to 1 #Iv[) or staurosporine (up to 0.1 #M) did not have 
any effect on sialyl-Le x expression on HT-29 cells (data 
not shown). 

3. Alterations of Fuc-TIII- and Fuc-TIV mRNA expression 
in HT-29 cells after sodium butyrate or DMSO treatment 

Northern blotting with gene-specific probes showed that 
after treatment of  cells with sodium butyrate the Fuc-TIII- 
mRNA expression is 300 _+ 120% of the control. By 
contrast, treatment with DMSO caused a decrease in Fuc- 
TIII mRNA expression to 33 + 12% of the control value. 

The steady state concentration of  Fuc-TIV-mRNA 
increased to 200 + 100% or to 220 + 90% after treat- 
ment with sodium butyrate or DMSO, respectively (Fig. 
3). Fuc-TVI transcript  was not detected in mRNA 
extracted from HT-29 cells (not shown). Since the 
applied probe reacted in Southern blot with the expected 
DNA fragments as published previously [29], this result 
was interpreted to indicate a low expression of  Fuc-TVI 
in colon carcinoma cells. 

The probing of  the same membranes with a radioactive 
labelled poly-dT-probe revealed that fl-actin expression 
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Figure 2. (A) Effect of sodium butyrate (diagonal bars) (2 raM, 
48 h) or DMSO (solid columns) (1.5%, ~/ days) treatment on the 
expression of sialyl-Le X antigen in HT-29 cells, determined on the 
surface of adherent HT-29 cells by ELISA with the AM-3 antibody 
and (B) in the cell medium, determined by sandwich ELISA with 
AM-3 antibody as catcher and AM-3-peroxidase conjugate as 
tracer. (C) Detection of sialyl-LeX-antigen on the cell surface of 
sodium butyrate-treated or DMSO-treated cells by FACS, with 
either AM-3 or CSLEX-1 antibodies. Bars represent average values 
of three experiments -+ SD. Results obtained with cells grown in 
standard medium (open columns) were taken as 100%. 

was not affected by DMSO but was slightly upregulated 
by sodium butyrate (Table 1). 

Thus only the steady state concentration of the Fuc- 
TII! mRNA correlated with the expression of sialyl-Le x 
in HT-29 cells suggesting that the amount of this enzyme 
may be determining the level of sialyl-Le × expression in 
these cells. 

4. Expression of Fuc-TIII and sialyl~Le x antigen in normal 
and carcinomatous colonic tissue 

Expression of  sialyl-Le x was not detectable with the AM-3 
antibody in normal colonic tissue but was strong in six of  
seven investigated colon carcinoma samples of  the same 
patients (Fig 4 and Table 2). The expression of  Fuc-TIII- 
mRNA was normal or decreased in these samples (Table 
2). In one patient Fuc-TIII was not detectable in the 
tumour tissue. This was not due to mRNA degradation 
since the amount of  RNA of the housekeeping enzyme 
glyceraldehyde 3 phosphate dehydrogenase (GAPDH) in 
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Table 2. Ratio of gene expression in colon carcinoma to normal 
colonic tissue. The relative amounts of total mRNA in each lane 
were assayed with a polydT probe. The expression of sialyl-Le x 
was semiquantitatively determined by immunohistochemistry with 
AM-3 antibody. 

Sialyt-Le x expression 
tissue: 

Patient no. fi-actin Fuc- IIH Tumour Normal 

143 1.0 0.6 6 ND 
154 0.8 0.9 6 ND 
155 0.9 0.1 1 ND 
160 - ND 6 ND 
163 t.7 1.0 6 ND 
164 0.7 0.2 6 ND 
165 1.6 0.9 6 ND 

ND, not detectable; -, not determined, GAPDH expression in this sample 
was not altered. 

Figure 3. Northern blotting of mRNA (approximately 10/~g per 
lane) extracted from HT-29 cells grown in a standard medium (lane 
1) or medium supplemented with 2 mM sodium butyrate for 48 h 
(lane 2) or with 1.5% DMSO for 7 days (lane 3). PCR-amplimers 
radioactively labelled by random priming were used as probes. The 
size of the detected transcripts is given in kilobases (kb). A fi-actin 
probe, used to test the quality and the relative amount of the 
mRNA indicates that a larger amount of mP~NA was applied to 
lane 3. Representative blots of three to four independent 
experiments for each probe. 

D i s c u s s i o n  

In the present work the question was addressed in vitro 

and in vivo of  whether the overexpression o f  sialyl Le x in 
colon carcinoma cells is related to the expression o f  the 
known fucosyltransferases potentially involved in the last 
step o f  the biosynthesis. In the HT-29 cell line the 
expression o f  the siatyl-LeX-antigen was modulated with 
sodium butyrate or D M S O  and the expression o f  the 
fucosyltransferases monitored at the m R N A  level. 

Sodium butyrate is a differentiating agent shown here 
to induce approximately a doubling o f  sialyl-Le × expres- 

Table 1. Gene expression in HT-29 cells treated with sodium 
butyrate or DMSO expressed as ratio to nontreated control. The 
signal in each lane was related to poly-dT signal. The expression 
of fi-actin was checked with a polydT probe. Number of 
experiments is given in brackets. Mean values + SD. 

Cel& treated with: 

mRNA Sodium butyrate DMSO 

Fuc-TIII 3.00 ± 1.20 (4) 0.33 ± 0.12 (3) 
Fuc-TIV 2.00 ± 1.00 (3) 2.20 ± 0.90 (5) 
fi-actin 1.70 ± 0.30 (4) 1.50 + 0.70 (6) 

both tissues were comparable (Table 2). Thus there is no 
correlation between the increase o f  sialyl-Le x antigen 
expression and the expression o f  Fuc T I I I - m R N A  after 
malignant transformation o f  the colon. Malignant trans- 
formation does not  appear to affect the expression o f /3 -  
actin (Table 2). 

Figure 4. Northern blots of mRNA isolated from normal and 
malignant colonic tissue of three patients, hybridized with a Fuc- 
TIII probe (upper panels, 2.37 kb). The quality of applied mRNA 
was tested with a fi-actin probe on the same blot (lower panels, 
2.0 kb). 
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sion, detectable with the monoclonal antibody AM-3 or 
CSLEX-1 on the cell surface o f  HT-29 cells as well as on 
glycoproteins secreted into the medium. Another differ- 
entiating agent, DMSO, had a suppressing effect on 
sialyl-Le x expression while retinoic acid or TPA had no 
influence at all. The discordant effects of  differentiating 
agents on sialyl-Le x expression 'in vitro corroborate 
previous data in vivo [35] indicating that the expression 
of  sialyl-Le x is independent of  the differentiation process. 

The decrease in expression after treatment with DMSO, 
which is known to activate protein kinase C [39] as well 
as the lack of  influence of another activator of protein 
kinase C, TPA, the inhibitor, staurosporine, suggest 
further that the signal transduction mediated by protein 
kinase C is not necessary for regulation of  sialyl=Le x 
expression. 

One of the reasons for sialyl-Le x overexpression may 
be an increased activity or amount of  an enzyme 
involved in its biosynthesis. This concept is supported 
by recent examples of  induction of  sialyl-Le x synthesis 
by transfection of  cells with cDNA coding for a single 
fucosyltransferase [40]. Several gene products with a 1-3 
fucosyltransferase activity detected in human tissues 
[20, 21, 29, 30] were shown to synthesize the sialyl-Le x 
antigen. Further, it has been shown that the fucosyl- 
transferase activity is consistently increased in sera of  
colon cancer patients but it decreases after turnout 
resection [41]. The present work indicates that HT-29 
cells as well as the human colonic tissue express 
only Fuc-TIII, Fuc-TIV and Fuc-TVI but not Fuc-TV or 
Fuc-YVII. Of  these, only Fuc-TIII ('Lewis enzyme') with 
a l - 3  and a l - 4  transferase activity was affected by either 
modulator in a manner corresponding to the changes in 
the expression of  the sialyl-Le×-antigen. These data are in 
line with the previous observations made in vitro [19] 
and are compatible with the hypothesis that the altera- 
tions of  Fuc-TIII contribute to the altered sialyl-Le x 
expression in modulated HT-29 cells. 

This mechanism does not operate in the human colonic 
tissue, where the expression of sialyl-Le × is barely 
detectable in normal tissue and is usually very strong 
in colonic cancer. The expression of  Fuc-TIII mRNA in 
turnout was either similar to or lower than in the normal 
tissue of  six investigated patients and in one patient it 
was not detectable at all. The recent data on Fuc-TIII 
enzyme activity in human normal and carcinomatous 
colonic tissue correspond to the present Northern blot 
results [23]. I f  the assumption is made that the steady 
state concentration of  mRNA reflects the enzyme activity, 
then the Fuc-TIII is unlikely to cause sialyl-LeX-over - 
expression in colon cancer. In situ hybridization with 
Fuc-TIII probes combined with simultaneous immunohis- 
tochemical detection of  sialyl-Le x in the same cells is 
necessary to confirm that both species are indeed 
independently expressed. A recent report by Yago et al. 

[42] suggested that in leukaemic cells Fuc-TIII, Fuc-TV 
or Fuc-TVI can be candidates for the enzymes which 
form the sialyl-LeX-determinant. The present data show 
that Fuc-TV is absent from colon carcinoma cells. Fuc- 
TVI was detected in colon carcinoma cells by RT-PCR 
but not by Northern blot, indicating that this enzyme is 
expressed at a very low level. Fuc-TIII is detectable in 
colon and colon carcinoma but its alterations are not 
responsible for the increased expression of  sialyl-Le x 
determinant in colonic tumours. Vavasseur et al. [43] 
found that the activity of a l -3 /4  fucosyltransferase in 

vitro remains constant and v e r y  low during progression 
from the adenomatous to the carcinomatous phenotype 
while another a 1-3 fucosyltransferase is expressed. 
Similarly, Dahi et al. [44] also implicated that an 
additional a l - 3  fucosyltransferase activity may be 
induced during colon carcinogenesis: the activities of  
a l - 3  fucosyltransferase and a l - 4  fucosyltransferase 
correlate in the normal but not in the carcinomatous 
colonic tissue supporting the assumption that in colon 
cancer a yet unknown a l - 3  fucosyltransferase is 
operative. Thus it is possible that a hitherto not 
characterized fucosyltransferase determines the level of  
sialyl-Le x expression in colon carcinoma tissue. Alter- 
natively, another mechanism than fucosylation may be 
responsible for the overexpression of the sialyl-Le × 
antigen. The present data are compatible with either 
hypothesis. 

Acknowledgements 

This work was supported by the Deutsche Forschungsge- 
meinschaft Proj. Ha 1520/5-1 and by the Deutsche 
Krebshilfe, Proj. W 17/92/Ri2. The excellent technical 
assistance of Ulrike Dethlefs is gratefully acknowledged. 
The authors are grateful to Dr I. Brockhausen for valuable 
comments and suggestions, 

References 

1. Hakomori SI (1989) Adv Cancer Res 52: 257-331. 
2. Singhal A,.Hakomori SI (1990) Bio Essays 12: 223-30. 
3. Hoff SD, Matsushita Y, Ota DM, Cleary KR, Yamori T, 

Hakomori S, Irimura T (1989) Cancer Res 49: 6883-88. 
4. Hoff SD, Irimura T, Matsushita Y, Ota DM, Cleary KR, 

Hakomori S (1990) Arch Surg 125: 206-9. 
5. Matsushita Y, Cleary KR, Ota DM, Hoff SD, Irimura T (i990) 

Lab Invest 63: 780-91. 
6. Handa K, Nudelman ED, Stroud MR, Shiozawa T, Hakomori S 

(1991) Biochem Biophys Res Commun 181: 1223-30. 
7. Easton EW, Schiphorst WECM, van Drunen E, van der Schoot 

E, v.d. Eijnden DH (1993) Blood 81: 2978-86. 
8. Walz G, Aruffo A, Kolanus W, Bevilaqua M, Seed B (1990) 

Science 250: 1132-35. 
9. Phillips ML, Nudelman E, Gaeta FCA, Perez M, Singhal AK, 

Hakomofi S, Paulson JC (1990) Science 250: 1130-32. 



Colon carcinoma associated mucins 733 

10. Sawada R, Tsuboi S, Fnkuda M (1994) J Biol Chem 269: 
1425-31. 

11. Nakamori S, Kameyama M, Imaoka S, Fumkawa H, Ishikawa 
O, Sasaki Y, Kabuto T, Iwanaga T, Matsushita Y, Irimura T 
(1993) Cancer Res 53: 3632-37. 

12. Nakagoe T, Fukushima K, Hirota M, Kusano H, Ayabe H, 
Tomita M, Kamihira S (1993) Cancer 72: 2323-30. 

13. Matsusako T, Muramatsu H, Shirahama T, Muramatsu T, Ohi 
Y (1991) Biochem Biophys Res Commun 181: 1218-22. 

14. Hanski C, Drechsler K, Hanisch FG, Sheehan J, Manske M, 
Ogorek D, Klussmann E, Hanski ML, Blank M, Xing PX, 
McKenzie IFC, Devine P, Riecken EO (1993) Cancer Res 53: 
4082-88. 

15. Hanski C, Hanski ML, Zimmer T, Ogorek D, Devine P, 
Riecken EO (1995) Cancer Res 55: 928-33. 

16. Hanski C, Sheehan J, Kielmtopf M, Stolze B, Stein H, Riecken 
EO (1991) Cancer Res 51: 5342-47. 

17. Holmes EH, Hakomori S, Ostrander GK (1987) J Biol Chem 
262: 15649-58. 

18. Holmes EH, Ostrander GK, Hakomori S (1986) J Biol Chem 
261: 3737-43. 

19. Lowe BJ, Stoolman LM, Nair RP, Larsen RD, Berhend TL, 
Marks RM (1990) Cell 63: 475-84. 

20. Weston BW, Nair RP, Larsen RD, Lowe JB (1992) J Biol 
Chem 267: 4152-60. 

21. Koszdin KL, Bowen BR (1992) Bioehem Biophys Res 
Commun 187: 152-57. 

22. Goelz SE, Hession C, Goff D, Griffiths B, Tizard R, Newman 
B, Chi-Rosso G, Lobb R (1990) Cell 63: 1349-56. 

23. Yang JM, Byrd JC, Siddiki BB, Chung YS, Okuno M, Sowa 
M, Kim YS, Matta KL, Brockhausen I (1994) Glycobiology 4: 
873-94. 

24. Yonezawa S, Matsushita Y, Muramatsu H, Arita Y, Nakamura 
T, Muramatsu T, Sato E (1987) Acta Pathol Jpn 37: 1249-61. 

25. Yazawa S, Nakamura J, Asao T, Nagamachi Y, Sagi M, Matta 
KL, Tachikawa T, Akamatsu M (1993) Jpn J Cancer Res 84: 
989-95. 

26. Kukowska-Latallo JF, Larsen RD, Nair RP, Lowe JB (1990) 
Genes & Develop 4: 1288-1303. 

27. Lowe JB, Kukowska-Latallo JF, Nair RP, Larsen RD, Marks 
RM, Macher BA, Kelly R, Ernst LK (1991) J Biol Chem 266: 
17467-77. 

28. Kumar R, Potvin B, Muller WA, Stanley P (1992) J Biol 
Chem 266: 2177-83. 

29. Weston BW, Smith PL, Kelly RJ, Lowe JB (1992) J Biol Chem 
267: 24575-84. 

30. Natsuka S, Gersten K, Zenita K, Kannagi R, Lowe JB (1994) 
J Biol Chem 269: 16789-94. 

31. Chomczynski R Sacchi N (1987) Anal Biochem 162: 156-59. 
32. Murphy LD, Herzog CE, Rudick JB, Tito Fojo AT, Bates SE 

(1990) Biochemistry 29: 10351-56. 
33. Kunzendorf U, Krfiger-Krasagakes S, Notter M, Hock H, Walz 

G, Diamantstein T (1994) Cancer Res 54:1109-12. 
34. Sambrook J, Fritsch EF, Maniatis T (1989) In Molecular 

Cloning. A Laboratory Manual. 2nd edition. Cold Spring 
Harbor, NY: Cold Spring Harbor Laboratory Press. 

35. I-Ianski C, Bornhoeft G, Topf N, Hermarm U, Stein H, Riecken 
EO (1990) J Clin Pathol 43: 379-85. 

36. Hanisch FG, Hanski C, Hasegawa A (1992) Cancer Res 52: 
3138-44. 

37. Hanski C, Stolze B, Riecken EO (1992) Int J Cancer 50: 924- 
29. 

38. Blank M, Klussmann E, Krfiger-Krasagakes S, Schmitt-Gr~ff 
A, Stolte M, Bomhoeft G, Stein H, Xing PX, McKenzie IFC, 
Verstijnen CPHJ, Riecken EO, Hanski C (1994) Int J Cancer 
59: 301-6. 

39. Xia X, Gu X, Santorelli AC, Yu RK (1989) J Lipid Res 30: 
181-88. 

40. Paulson JC, Colley KJ (1989) J Biol Chem 264: 17615-18. 
41. Bauer CH, Reutter W, Erhart KP, K6ttgen E, Gerok W (1978) 

Science 201: 1232-34. 
42. Yago K, Zenita K, Sawada M, Ohmori K, Okuma M, Kannagi 

R, Lowe JB (1993) Cancer Res 53: 5559-65. 
43. Vavasseur F, Dole K, Yang J, Matta KL, Myerscough N, 

Corfield A, Paraskeva C, Brockhausen I (1994) Eur J Cancer 
222: 415-24. 

44. Dahi T, Hashiguchi M, Yamamoto S, Morita H, Oshima M 
(1994) Cancer 73: 1552-61. 


