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ABSTRACT

The purpose of this work was to investigate whether sucrase-isomal-
tase from enterocyte-like differentiated human colon carcinoma cell lines

carries blood group antigens of the ABH system. Six cultured lines of
blood group A (HT-29, SW-480, Co-115) or O phenotype (Caco-2, HRT-
18, HCT-8R) were studied. Only HT-29 cells grown in the absence of
glucose (HT-29 Glc~) and Caco-2 cells express an enterocytic differen

tiation with the presence of sucrase-isomaltase on the apical surface of
the cells. Binding of anti-A antibodies to HT-29 Glc~ and of MAI to

Caco-2 cells gave the same apical immunofluorescence pattern of staining
as did anti-sucrase-isomaltase antibodies, whereas only a membrane
binding was observed in nondifferentiated cells. Sucrase-isomaltase Â¡m-
munoisolated from HT-29 Glc~ and Caco-2 cells reacted with anti-A

antibodies and Ulex europaeus agglutinin-I (UEA-I), respectively, at
sodium dodecyl sulfate-polyacrylamide gel electrophoresis and immuno-
blot. Immunoprecipitation of solubilized brush border-enriched fractions
from the same cells with UEA-I or anti-A antibodies resulted in an
inhibition of sucrase activity which reached â€”80%for Caco-2 cells with
UEA-I and =50% for HT-29 cells with anti-A antibodies. Similar results
were obtained in the corresponding tumors in nude mice: anti-A antibodies
in HT-29 and UEA-I in Caco-2 tumors bound to the same apical
structures as did anti-sucrase-isomaltase antibodies; sucrase-isomaltase
immunoisolated from the tumors bound anti-A antibodies (HT-29) or
UEA-I (Caco-2). These results support the hypothesis that sucrase-
isomaltase from enterocyte-like differentiated human colon cancer cells

carries blood group antigens of the ABH system. These findings suggest
that colon cancers which have been shown to display an apical pattern of
expression of ABH antigens should be screened for their possible enter
ocytic differentiation.

INTRODUCTION

There is consistent evidence that ABH blood group sub
stances can be considered as developmentally regulated colon
cancer-associated antigens in humans. Their developmental
nature relies on the observation that during fetal life they are
evenly expressed in the gut, including the entire colon and
rectum (1, 2), whereas after birth and throughout adulthood,
they are present in the small intestine and in the upper part of
the colon but absent from its distal part and from the rectum
(1, 3-5). By contrast to the normal some cancers arising from
the distal part of the colon and from the rectum have been
shown to reexpress ABH antigens (6-15).

A similar pattern of expression has recently been described
for brush border-associated hydrolases such as sucrase-isomal
tase, aminopeptidase N, dipeptidylpeptidase-IV, and alkaline
phosphatase. These enzymes, which are normally associated
with the brush border membrane of the small intestinal villous
cells but absent from the adult colon (16), have been shown to
be present in the fetal colon from which they disappear at birth
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(17-20). Recent studies have shown that these same enzymes
are associated with the enterocytic differentiation expressed by
the human colon carcinoma cell lines HT-29 (21-24) and Caco-
2 (25-27) in culture, the corresponding tumors in nude mice
(28, 29) and some tumors from patients (29).

The close parallelism between these two patterns of devel
opmentally regulated colon cancer-associated markers as well
as the fact that brush border hydrolases, like ABH substances,
are highly glycosylated glycoproteins (16), raises the question
of whether these apparently two distinct patterns could be in
some cases a unique pattern. This hypothesis is further sup
ported by the observation that ABH antigenic determinants are
integral parts of the molecules of brush border-associated hy
drolases from the normal small intestine (30-34). Whether this
is also true for hydrolases associated with the enterocytic dif
ferentiation of colon cancer cells has not yet been investigated.

The purpose of the present work was therefore to investigate
whether antigenic determinants of the ABH system were asso
ciated with brush border hydrolases from enterocyte-like differ
entiated HT-29 and Caco-2 cells in culture and the correspond
ing tumors in nude mice. The reason for selecting these two
cell lines is that they are so far the only human colon carcinoma
cell lines which have been shown to express an enterocytic
differentiation. In the case of Caco-2 cells in culture this differ
entiation occurs under standard conditions (25-27); in the case
of cultured HT-29 cells the differentiation occurs only when
the cells are grown in the absence of glucose, i.e., when glucose
is replaced by galactose (21, 23, 24), by inosine or uridine (23)
or when the cells are adapted to grow in an unsupplemented
hexose-free medium (22). Independently of the culture condi
tions both cell lines, when injected into nude mice, produce
enterocyte-like differentiated tumors (28-29). Undifferentiated
HT-29 cells, i.e., grown in the presence of glucose (21-24), as
well as four other undifferentiated human colon carcinoma cell
lines were used as negative in vitro controls.

The present study was focused on sucrase-isomaltase since,
among the different brush border hydrolases, it is the one which
has been shown to be the more specifically associated with the
enterocytic differentiation of human colon cancer cells in vitro
(21-23, 25-27) as well as in vivo (28, 29). Moreover the recent
production of monoclonal antibodies specific for human su
crase-isomaltase easily allows the immunopurification of the
enzyme (27).

MATERIALS AND METHODS

Cell Lines, Tumors in Nude Mice, and Normal Adult Organs. The
cultured cells used were established lines derived from human colori-mi
adenocarcinoma. The cell lines HT-29 (35), Caco-2 (36), and SW-480
(37) were obtained from Dr. J. Fogh (Sloan Kettering Memorial Center,
Rye, NY), HRT-18 (38), and HCT-8R (39) from Dr. W. A. F. Tomp-
kins (University of Illinois, Urbana, IL), and Co-115 (40) from Dr. B.
Sordat (Swiss Institute for Experimental Cancer Research, Epalinges/
Lausanne, Switzerland). The optimal culture and passage conditions of
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the different cell lines have been previously described (22, 26, 41).
Differentiated HT-29 cells were obtained by growing the cells in glu
cose-free Dulbecco's modified Eagle's minimum essential medium sup

plemented with 2.5 IHMinosine (Sigma, St. Louis, MO) as reported
(23). Differentiated HT-29 cells grown in the absence of glucose and
undifferentiated HT-29 cells grown in the presence of glucose will be
referred to as HT-29 Glc" and HT-29 Glc+ cells, respectively. The

development of tumors in nude mice as well as their differentiation
characteristics has been previously reported (28, 42). Normal ileum
samples were obtained from irreversibly brain damaged kidney donors
as previously reported (43).

ABO Blood Group Typing. Confluent cells were harvested with 0.25%
trypsin in 3 mM EDTA in 0.13 M Ca2+- and Mg2+-free PBS3 washed

three times in ice-cold saline and tested for their ABO phenotype using
concurrently two different methods: (a) indirect immunofluorescence
with human anti-A and anti-B agglutinins and IT,.VI on cells in
suspension; and (b) direct hemagglutination of A, B, and O human
RBC with anti-A, anti-B, or UEA-I previously absorbed with each cell
line (five times l h at 4Â°C).Both methods gave concordant results

which were consistent with the blood group phenotypes of the original
donors, with HT-29, SW-480, and Co-115 being of blood group A and
Caco-2, HRT-18, and HCT-8R being of blood group O.

Electron Microscopy. Transmission electron microscopy was per
formed on cells grown for 30 days in 25-cm2 plastic flasks. The methods

used were as previously reported (25).
Antibodies. Monoclonal antibody HBB 2/614/88 specific forsucrase-

isomaltase from normal human small intestine (27) was obtained from
Dr. H. P. Hauri (Biocenter of the University of Basel, Basel, Switzer
land). Poh donai rabbit antibodies produced against sucrase-isomaltase
from human blood group O small intestine were obtained from Dr. N.
Triadou (HÃ´pital Necker-Enfants Malades, Paris, France) (44). Anti-
blood group A antibodies were produced in A" rabbits (45) selected by

immunofluorescence typing on rectal biopsies (46) and hyperimmu-
nized with human blood group A RBC (47); the antisera were made
specific by serial absorptions with blood groups B and O RBC and had
a final anti-A hemagglutination titre of 1/4000. Whenever needed, anti-
A antibodies were further purified by precipitation with (NH4)2SO4
and chromatography on DE-52 (Whatman Chemical Separation, Ltd,
Maidstone, England). UEA-I labeled or unlabeled with fluorescein
isothiocyanate (Vector Laboratories, Burlingame, CA) was used for the
detection of H substance. Anti-rabbit sheep antiglobulins and anti-
mouse rabbit antiglobulins labeled with horseradish peroxidase or fluo
rescein isothiocyanate were obtained from Institut Pasteur Production
(Marnes-la-Coquette, France).

Enzyme Assays. Sucrase activity was measured according to Messer
and Dahlqvist (48) in brush border-enriched fractions (P2) (49) from
cells and tumors as previously reported (21-23,25, 26, 28). The enzyme
activity is expressed as mil Iiun its per mg of proteins. One unit is defined
as the activity that hydrolyses 1 /Â¿mo\of sucrose/min under the exper
imental conditions.

Immunodetection Assays. Immunofluorescence was performed on
frozen tumor cryostat sections and on cell monolayers grown on glass
coverslips using the same methods as previously reported (22, 25, 28,
29). For immunoblotting analysis of sucrase isomaltase the same
method as previously reported for tissues (28) and cells (22) was used.
Briefly 60 Mgof brush border proteins (P2 fraction) from cells or tumors
were separated on 7.5% SDS-polyacrylamide gel electrophoresis in the
buffer system of Laemmli (50), and transferred to nitrocellulose sheets
by the method of Burnette (51). Sucrase-isomaltase was identified with
rabbit anti-sucrase-isomaltase antibodies and revealed with the peroxi
dase technique. The technique of Hauri et al. (27) was used for the
immunopurification of sucrase-isomaltase using monoclonal antibody
HBB 2/614/88. To investigate whether sucrase-isomaltase carries blood
group antigens the immunopurified enzyme was run on 7.5% SDS-
polyacrylamide gel electrophoresis and transferred to nitrocellulose
sheets as described above. Blood group A antigen was identified with
rabbit anti-A antibodies and the peroxidase technique using anti-rabbit
globulins labeled with horseradish peroxidase. H substance was identi

fied with Ulex europaeus agglutinin-I coupled with horseradish perox
idase type VI (Sigma) by the method of Gonatas and Avrameas (52).

Immunodepletion Experiments. P2 fractions of Caco-2 and HT-29
cells (4 fig) solubiIÂ¡mlwith Triton X-100 (1% for 1 mg/ml of protein)
diluted in 25 Â¿ilof PBS were incubated (2h, 4Â°C)with 150 ^1 of serial

2-fold dilutions of either UEA-I (starting solution = 4 mg/ml) or anti-
A rabbit 7-globulins (starting solution = 0.75 mg/ml) and 25 n\ of a
40% solution in PBS of polyethylene glycol 6,000 (Prolabo, Paris,
France) and centrifuged (10 min, 10,000 x g). The activity of sucrase
was measured in the supernatants. The same conditions were used for
controls except that UEA-I and anti-A antibodies were omitted.

RESULTS

Enterocytic Differentiation Characteristics of Cultured Cells.
Blood group phenotypes, presence of sucrase-isomaltase, su
crase activities, and morphological enterocytic differentiation
characteristics of cultured cells are summarized in Table 1.
Only HT-29 Glc" and Caco-2 cells exhibit as previously re

ported (21-27) a characteristic pattern of enterocytic differen
tiation with the cells organized into a polarized monolayer with
the presence of tight junctions and apical brush border regular
microvilli (Fig. 1, a and b). Sucrase activity is present in both
cell lines, with, however, much higher values in Caco-2 than in
HT-29 Glc" cells (Table 1). The presence of the enzyme was

confirmed by immunofluorescence and immunoblotting using
anti-sucrase-isomaltase antibodies. Immunofluorescence of cell
layers showed a typical apical membrane staining, correspond
ing to the apical brush border, in both Caco-2 (Fig. 2a) and
HT-29 Glc" cells (Fig. 2c). As previously shown (22, 27) im
munoblotting of P2 fractions from HT-29 Glc~ and Caco-2

cells showed the presence of only the high molecular weight
form of the enzyme which migrates faster than the normal
intestinal form (Fig. 3). Among the other four cell lines Co-115
(Fig. le) and HRT-18 (Fig. Id) are also polarized, with the
presence of tight junctions and, at phase contrast microscopy,
the formation of domes (not shown); however no brush border
could be found on their apical membrane which exhibits only
sparse irregular microvilli. HT-29 Glc* cells (Fig. le), SW-480
(Fig. ig), and HCT-8R (Fig. If) cells are not polarized; their
cell surface is covered with irregular microvilli, which are more
numerous in SW-480 than in Co-115, HCT-8R, and HT-29
Glc+ cells, but do not form a brush border. The absence of
morphological enterocytic differentiation of HT-29 Glc+, Co-
115, HRT-18, SW-480, and HCT-8R cells was associated with

Table 1 Blood group phenotypes and enterocyte-like differentiation
characteristics of cultured human colon carcinoma cell lines

Ultrastructural
differentiation

characteristicsCell

lines'Caco-2c

HT-29 Glc- '
HT-29 Glc*
HRT-18
HCT-8R
Co-115
SW-480Blood

Tight
groupjunctionsO

+A
+

A
O +
0A

+
AApical

brush
border+Presence

of
sucrase- Sucrase activity*

isomaltase at (milliunits/mg
immunoblottingprotein)+

780 Â±26"

+ 30 Â±5
<0.2
<0.2<0.2

3The abbreviations used are: PBS, phosphate-buffered saline; UEA-I, Ulex
europaeus agglutinin-I; SDS, sodium dodecyl sulfate.

* All cells were tested after 30 days in culture, except for Caco-2 cells which

were tested on day 16.
'Measured in a brush border-enriched fraction (P2) (see "Materials and

Methods").
' Passages 60 to 80.
d Mean Â±SD of 3 to 5 different cultures.
' Grown for 5 to 10 passages in a glucose-free medium supplemented with 2.5

mivi inosine (see "Materials and Methods").
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Fig. 1. Transmission electron microscopy of postconfluent cultures of human colon carcinoma cell lines (day 16 for Caco-2 cells, day 30 for the other cell lines).
Sections are perpendicular to the bottom of the flasks, a, apical section of the monolayer of Caco-2 cells (X 6,000); b, apical section of the monolayer of HT-29 Ilk
cells (x 13,000); c, undifferentiated HT-29 Glc~ cells (x 2,000); d, HRT-18 cells (x 10,000); e, Co-115 cells (x 8,IOO);/ HCT-8R cells (X 2,500); g, SW-480 cells (X
3.000). Note the presence of apical regular brush border microvilli in Caco-2 and HT-29 Glc~ cells and of only irregular microvilli in the other cell lines.
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Fig. 2. Immunofluorescence staining with rabbit anti-sucrase-isomaltase antibodies (a, <â€¢.e, g), rabbit anti-A antibodies (</,/). and UEA-I (/<.A) of monolayers (a,

b) of Caco-2 cells; c, d, differentiated HT-29 GIc~ cells; e, f, undifferentiated HT-29 GIc* cells; g, h, HRT-18 cells. There was no binding of anti-sucrase-isomaltase

antibodies to the monolayers of HCT-8R, Co-115, and SW-480 cells (not shown); the pattern of staining of Co-115 and SW-480 with anti-A antibodies, and of HCT-
8R cells with UEA-I were as in /and A, respectively. Caco-2 cells were tested on day 16 and the other cell lines on day 30 of the cultures, x 290.
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an absence of expression of sucrase-isomaltase as substantiated
by the negative results obtained at both immunofluorescence
(Fig. 2, e and g) and Western blot analysis (Fig. 3) and the
absence of sucrase activity in the cell extracts (Table 1).

Immunofluorescence Binding of Anti-A Antibodies and UEA-
I to Cell Monolayers. The results shown in Fig. 2 demonstrate
that anti-A antibodies for HT-29 Glc" (Fig. 2d) and UEA-I for

Caco-2 cells (Fig. 2Z>)react with the cell monolayers according

to the same pattern of apical staining as that observed with
anti-sucrase-isomaltase antibodies. The pattern of immunoreac-
tivity of the undifferentiated cells was very different with the
antibodies corresponding to the blood group phenotype of the
cell lines, i.e., anti-A for HT-29 Glc+, SW-480, and Co-115
cells, and UEA-I for HRT-18 and HCT-8R cells showing only

a general membrane staining (Fig. 2,/and h).
Binding of UEA-I and Anti-A Antibodies to Sucrase-isomal

tase from Caco-2 and HT-29 Glc~ Differentiated Cells. The

strong similarity of the patterns of immunofluorescence stain
ing observed with anti-sucrase-isomaltase and anti-A antibodies
in HT-29 Glc" or UEA-I in Caco-2 cells suggested that both

types of antigens, i.e., A or H were associated with the same
histolÃ³gica! structure, namely the brush border membrane, but
did not allow the conclusion that the same biochemical structure
was recognized. This was investigated by SDS-polyacrylamide
gel electrophoresis and immunoblotting with anti-A antibodies
and UEA-I of sucrase-isomaltase immunopurified from HT-29
Glc~ and Caco-2 cells. As shown in Fig. 4, anti-A antibodies

react with sucrase-isomaltase from HT-29 cells and UEA-I with
the enzyme from Caco-2 cells. In both cases the specificity is
similar to that observed with sucrase-isomaltase immunopuri
fied from blood groups A and O normal adult small intestine,
with sucrase-isomaltase from HT-29 and from blood group A

12345

200- P A â€”

116-

92.5.

Fig. 3. Immunological detection with monoclonal antibody HBB 2/614/88 of
sucrase-isomaltase in membrane fractions analyzed by SDS-polyacrylamide gel
electrophoresis transferred onto nitrocellulose sheets. Lane 1, control sucrase-
isomaltase complex from normal human ileum showing the high molecular weight
precursor (p) and the sucrase (s) and isomaltase (i) subunits; Lane 2, Caco-2
cells; Lane 3, HT-29 Glc~ cells; Lane 4, HT-29 Glc* cells; Lane 5, HRT-18 cells.

Results from Co-115, HCT-8R, and SW-480 cells (not shown) were as in Lanes
4 and 5. The cells were tested after 30 days in culture, except for Caco-2 cells
which were tested on day 16. Note the presence of only the high molecular weight
precursor in Caco-2 and HT-29 Glc" cells and the absence of detectable enzyme
in HT-29 Glc* cells and in the other cell lines. Left, place of migration of the
molecular weight markers: M, 200,000, myosin heavy chain; M, 116,000, ÃŸ-
galactosidase; M, 92,500. phosphorylase b.

small intestine reacting with anti-A antibodies and sucrase-
isomaltase from Caco-2 and blood group O small intestine
reacting with UEA-I. This was further analyzed by immunode-
pletion experiments using P2 fractions as a source of enzyme
and UEA-I and anti-A 7-globulins as immunoprecipitating
agents. Eighty % of sucrase activity disappears from the extracts
of Caco-2 cells incubated with UEA-I and 50% from HT-29

123 5 6

â€” I

Fig. 4. Immunological detection of blood groups A and H antigens in sucrase-
isomaltase from HT-29 and Caco-2 cells in culture and tumors in nude mice and
from control normal small intestines. Sucrase-isomaltase extracted from P2
fractions was immunopurified with monoclonal antibody HBB 2/614/88, run on
SDS-polyacrylamide gel electrophoresis transferred onto nitrocellulose sheets,
and incubated with either rabbit anti-A antibodies (Lanes 1 to 3) or UEA-I (Lanes
4 to 6). Sucrase-isomaltase samples were from control blood group A normal
ileum (Lane 1), HT-29 Glc~ cultured cells (Lane 2), HT-29 tumors in nude mice

(Lane 3), control blood group O ileum (Lane 4), Caco-2 cultured cells (Lane 5),
and Caco-2 tumor in nude mice (Lane 6).

100-,

u
Â«3

50-

U

10

Fig. 5. Percentage of inhibition of sucrase activity in the supernatants of
solubili/ni P2 fractions of Caco-2 (â€¢)and HT-29 cells (A) after a prior incubation
of P2 fractions with either UEA-I (for Caco-2 cells) or anti-A 7-globulins (for
HT-29 cells). Abscissa, 2-fold serial dilutions of inhibitors with 0 indicating the
starting solution (see "Materials and Methods").
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Fig. 6. Immunofluorescent binding of rabbit anti-sucrase-isomaltase antibodies (a, c) and rabbit anti-A antibodies (ft), or UEA-I (</) on cryostat frozen tissue
sections from HT-29 (a, b) and Caco-2 tumors (c, d) in nude mice, x 120.

extracts incubated with anti-A 7-globulins (Fig. 5). No inhibi
tion was observed in Caco-2 cell extracts treated with anti-A y-
globulins or HT-29 extracts treated with UEA-I (data not
shown).

Binding of Anti-A Antibodies and UEA-I to Sucrase-Isomal-
tase from HT-29 and Caco-2 Tumors. In order to check whether
the association of blood group antigenic determinants with
sucrase-isomaltase from HT-29 GIc~ and Caco-2 cells was not

restricted to cultured cells, but also present in vivo, further
investigations were performed with the corresponding tumors
in nude mice. The enterocytic differentiation pattern of HT-29
and Caco-2 tumors has been previously reported (28, 29). As
shown in Fig. 6 a similar pattern of immunoreactivity was
observed in tumor sections with anti-sucrase-isomaltase anti
bodies and either anti-A antibodies in the case of HT-29 or
UEA-I in the case of Caco-2 tumors. As with the corresponding
cultured cells, sucrase-isomaltase isolated from HT-29 and
Caco-2 tumors reacted in Western blot analysis with anti-A
antibodies and UEA-I, respectively (Fig. 4).

DISCUSSION

The present results show that, as in the normal small intestine
(31, 34), sucrase-isomaltase from enterocyte-like differentiated
HT-29 Glc~ and Caco-2 cells carries blood groups A and H

antigens corresponding to the blood group phenotypes of the
cell lines. This is true not only in cultured cells but also in the
corresponding tumors in nude mice. It should be noted that the

association of blood group antigens to the enzyme from both
the normal small intestine and colon tumor cells is most likely
independent of the molecular form of the enzyme which is
different in both situations: only the high molecular weight
form of the enzyme is present in malignant cells (22, 27, 28),
and this form, as in the fetal colon (53), shows a higher mobility
at SDS-polyacrylamide gel electrophoresis than the high mo
lecular weight form from the normal small intestine. Whether
all the molecules of sucrase-isomaltase carry the blood group
antigens is however questionable in view of the results of
immunodepletion experiments which show that the inhibition
of sucrase activity never reaches 100%. Whether the other
hydrolases associated with the enterocytic differentiation of
colon cancer cells also carry blood group antigens, as in the
normal intestine (30-34), has still to be investigated.

Other blood group antigens, different from ABH antigens,
have also been shown to be associated with colon cancers. This
is particularly the case of Lewis antigens (54-57). Whether
human brush border-associated hydrolases also carry Lewis
antigens is still unknown and has still to be investigated, not
only in enterocyte-like differentiated colon cancer cells but also
in the normal small intestine. In this regard cells such as HT-
29 Glc~ and Caco-2 should be ideal tools to help answer this

question.
It is of interest to note that so far the occurrence of ABH

antigens as colon cancer-associated markers has been mainly
an immunological observation and that nothing is known of its
physiological significance. The present results show that, at
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least in the case of enterocyte-like differentiated colon cancer
cells, these antigens are integral parts of an enzyme whose
structure and function are perfectly known (16). What is less
known is the prognostic significance and the diagnostic interest
of this type of differentiation. In this regard the present results
raise the question of whether ABH antigens which have been
shown to be associated with some distal colon cancers (6-15)
are not, for some of them, markers of sucrase-isomaltase from
enterocyte-like differentiated tumors. They further suggest that
such tumors, and more particularly those in which blood group
antigens are restricted, as in Fig. 6, b and d, to apical structures
(11, 14), should be screened for their possible enterocytic dif
ferentiation.
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