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280: G1043–G1048, 2001.—E-selectin, expressed on endothelial cells, mediates adhesion of leukocytes and tumor cells
to endothelium. CA19-9 (sialyl-Lewisa) and sialyl-Lewisx are
specific ligands for E-selectin. We have recently shown that
mucin-rich culture media from human gallbladder epithelial
cells contains CA19-9. In this study, we have tested whether
human biliary mucin binds to E-selectin. The ability of mucins to inhibit the adhesion of HL-60 cells to immobilized
E-selectin was taken as an index for E-selectin binding.
Gallbladder bile, hepatic bile, and culture medium from human gallbladder epithelial cells completely inhibited the adhesion of HL-60 cells to E-selectin. The mucin-rich fractions
of human bile exhibited strong inhibition, whereas mucinfree fractions had little effect. In contrast to human bile
samples, CA19-9-free medium from cultured dog gallbladder
epithelial cells failed to inhibit HL-60 binding. Furthermore,
after CA19-9 immunoaffinity chromatography, which selectively extracted CA19-9 from bile, bile samples showed poor
inhibition of HL-60 adhesion to immobilized E-selectin. A
good correlation was observed between E-selectin binding
and CA 19-9 concentrations in bile. Our results show that
human bile has E-selectin binding activity that is mediated
by the CA19-9 side chain of biliary mucin.
adhesion; CA19-9; sialyl-Lewis; cholestasis

mechanisms are basic
requirements for the development and homeostasis of
all tissues. The adhesion to endothelial cells regulates
the trafficking and recruitment of leukocytes to lymphoid tissues and sites of inflammation (7, 14, 18). At
the inflammatory sites, adhesion molecules mediate
the binding of immune cells to vascular endothelium
and their migration into the foci of ongoing inflammation (12, 14). The specificity of the leukocyte-endothelial cell interaction is controlled, in part, by selective
participation of adhesion molecules, which has reCELL ADHESION AND RECOGNITION
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cently been reviewed by Panés and Granger (15).
E-selectin, expressed on endothelial cells following induction by proinflammatory mediators such as interleukin-1 and tumor necrosis factor-␣, mediates the first
specific contact of leukocytes to the endothelial cells (4,
16). E-selectin is a member of the selectin family of cell
adhesion molecules, which is known to recognize carbohydrate ligands (5, 19). The major E-selectin ligands
are the tetrasaccharides sialyl-Lewisx and sialylLewisa (also referred to as carbohydrate antigen 19-9
or CA19-9) (26). These ligands are known to be contained in a mucin-type glycoprotein (9).
Serum CA19-9 levels have frequently been employed
as leading tumor markers for pancreatic, gallbladder,
and biliary tract cancers (25). The specificity of this
marker is, however, reduced by the fact that elevated
serum CA19-9 levels are observed in benign pancreatohepatobiliary diseases such as acute pancreatitis, obstructive jaundice, cholecysto- or choledocholithiasis,
liver cirrhosis, or hepatitis. Particularly high values
are observed in choledocholithiasis aggravated by
cholangitis (1, 10). Although it is well known that
tumor cells, owing to the loss of the basal-apical polarity typical of normal epithelial cells, are able to secrete
CA19-9-containing mucins into the bloodstream (3),
the source of CA19-9 in benign hepatobiliary diseases
has been a matter of debate. Recently, we have shown
(22) that biliary mucin secreted by cultured human
gallbladder epithelial cells is rich in CA19-9. We found
that there is a good correlation between CA19-9 levels
and the concentration of mucin purified from human
gallbladder bile (22). We confirmed these findings by
subjecting bile samples to concanavalin-A affinity chromatography and CA19-9 immunoaffinity chromatography (22). Together, these experiments demonstrate
that biliary mucins carry the epitope of CA19-9. Leakage of CA19-9-containing mucin across an impaired
epithelial barrier from bile into the vasculature may be
the mechanism for the serum CA19-9 levels in benign
hepatobiliary diseases.
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MATERIALS AND METHODS

Materials. The promyelocytic leukemia HL-60 cells were
supplied by M. Heike (Mainz, Germany). Vitrogen was purchased from Celtrix Laboratories (Palo Alto, CA). Tissue
culture plates and petri dishes for adhesion experiments
(Falcon 1008) were from Falcon (Lincoln Park, NJ). Gentamicin (10 g/ml), L-glutamine, trypsin-EDTA (10⫻), and
HEPES buffer (1 mM) were obtained from GIBCO (Eggenstein, Germany). Eagle’s MEM, DMEM, RPMI-1640 medium,
bovine serum albumin, collagenase type I, goat anti-human
IgG, NaCl, MgCl2 hexahydrate, anhydrous CaCl2, MnCl2
tetrahydrate, sodium azide, phenylmethylsulfonyl fluoride,
EDTA disodium salt, and 2,2⬘-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid) were from Sigma Chemical (St. Louis,
MO). E-selectin monoclonal antibody was obtained from Becton Dickinson (San Jose, CA). Other materials included peroxidase (DAKO, Hamburg, Germany) and Sepharose CL-4B
(35 ⫻ 1 cm column; Pharmacia, Uppsala, Sweden).
Bile samples. Gallbladder bile was obtained from patients
with cholesterol gallstone disease who were undergoing elective cholecystectomy. During cholecystectomy, bile was completely aspirated by gallbladder puncture. Hepatic bile samples were obtained from by nasobiliary drainage from
patients with obstructive jaundice due to common bile duct
stones. The bile samples were aliquoted and stop frozen in
liquid nitrogen and stored at ⫺70°C until they were used for
the experiments. Plasma samples from the blood bank (Clinical Chemistry Department, Klinikum Grosshadern) were
screened for CA19-9, and representative samples were selected for the adhesion experiments. Informed consent was
obtained from all patients from whom bile samples were
obtained for this study, in conformation with the ethical
guidelines of the Ludwig Maximilians University, Munich.
Gel filtration chromatography. Bile samples were fractionated on a Sepharose 4B-CL (35 ⫻ 1 cm) gel chromatography
column at a constant flow rate of 0.5 ml/min using Tris 䡠 HCl
(pH 8.0, 20 mM) buffer. Eluant fractions of 1 ml were collected and analyzed for E-selectin binding and CA19-9 activity.
Medium from cultured human gallbladder epithelial cells.
To culture human gallbladder epithelial cells, gallbladders
were obtained from gallstone-free patients during hemihepatectomy. The epithelial mucosa was sharply dissected from
the muscle layer and incubated for 30 min at 37°C in collagenase type I. This was followed by centrifugation (200 g for
5 min) in Eagle’s MEM containing 10% fetal calf serum, 2
mM L-glutamine, 2.5 mM HEPES, and 50 mg/ml gentamicin.
The pellet was then layered on collagen I-coated Falcon

plates and incubated with Eagle’s MEM until the cells were
confluent. The medium was changed every other day. On the
day of confluence, the medium was harvested.
Medium from cultured dog gallbladder epithelial cells. Dog
gallbladder epithelial cells were isolated from dog gallbladders as reported elsewhere (13) and were grown to confluence
on 60-mm petri dishes precoated with 1 ml vitrogen gel (1:1
mixture of vitrogen and media). The cell culture media were
aliquoted, stop frozen in liquid nitrogen, and stored at ⫺70°C
until they were used for the experiments.
HL-60 cell culture. The promyelocytic leukemia cell line
HL-60 was cultured in 50-ml culture flasks in RPMI-1640
medium supplemented with 2.5 mM L-glutamine, 10% fetal
calf serum, 100 U/ml penicillin, and 100 g/ml streptomycin.
CA19-9 immunoaffinity chromatography. For CA19-9 immunoaffinity chromatography, CA19-9 antibodies (gift from
Centocor, Malvern, PA) were coupled to cyanogen bromideactivated Sepharose 4B (2 ⫻ 15 cm column; Pharmacia).
Starting buffer contained NaPO4 (0.02 M, pH 7.3), NaCl (0.15
M), and NaN3 (0.02%). Eluting buffer was the starting
buffer ⫹ KSCN (3 M). The bound and unbound fractions were
collected separately and were concentrated to the original
volume of bile used in the assay.
Determination of CA19-9 activity. CA19-9 activity of samples was determined by using a commercial sandwich enzyme immunoassay (Enzymun; Boehringer Mannheim;
methodological sensitivity 1.8 U/ml).
Preparation and purification of soluble E-selectin. The construction of the chimeric receptor globulins has been described by Walz et al. (23). A chimeric protein containing the
extracellular domain of E-selectin fused to the hinge region of
human IgG1 was expressed in COS cells. COS cells were
therefore seeded onto 10-cm plates, grown to 50% confluence,
and transfected with 3 g plasmid DNA using the DEAE/
dextran method. Seven days after transfection, supernatants
were collected and stored at 4°C. The concentration of the
receptor-globulin chimeras was determined by ELISA with a
rat anti-human IgG monoclonal antibody (MAb) conjugated
to peroxidase (1 g/ml PBS, pH 7.4). The ELISA was developed with 2,2⬘-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid),
and absorbance was determined at 405 nm.
Spot adhesion assay. The E-selectin binding property of
the test samples was assessed by studying the ability of these
samples to inhibit the binding of the sialyl-Lewisa-carrying
promyelotic cell HL-60 to the receptor-globulin chimera by
using a spot adhesion assay, as reported earlier (23, 24). In
brief, Falcon 1008 dishes were incubated with a 50-l spot of
goat anti-human IgG at a concentration of 10 g/ml in 50 mM
Tris, pH 9.5, for 90 min. Dishes were washed three times
with PBS and blocked with 1% bovine serum albumin at 4°C
overnight. Subsequently, the dishes were incubated with 1
ml of cell culture supernatant containing 5 g/ml E-selectinIgG fusion protein and incubated for 30 min at room temperature. Following the binding of E-selectin-IgG, 500 l of the
test samples were added and incubated for 30 min at 37°C.
The samples tested included 1) native human gallbladder
bile, 2) native human hepatic bile, 3) fractions of human
gallbladder bile, 4) fractions of human hepatic bile, 5) culture
medium from human gallbladder epithelial cells, and 6) culture medium from dog gallbladder epithelial cells. Following
incubation, the spot was washed with binding buffer (1%
bovine serum albumin, 50 mM HEPES, pH 7.5, 100 mM
sodium chloride, 2 mM magnesium chloride, 1 mM calcium
chloride, 3 mM manganese chloride, 0.02% sodium azide, and
0.2 mM phenylmethylsulfonyl fluoride). Subsequently, 105
tumor cells/ml (HL-60 cells) in binding buffer were added to
the spot and allowed to bind for 30 min followed by three
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A high incidence of septic complications has been
documented in patients with obstructive jaundice (2,
6). In a recent study, Swain et al. (20) have shown that
bile duct resection in experimental animals results in
attenuation of adherence and migration of activated
neutrophils to endothelial cells. Furthermore, these
authors have shown that plasma samples from cholestatic patients inhibit neutrophil adherence to endothelial cells. However, the factor in the plasma of
cholestatic patients that modulates neutrophil function has not been identified. In the present study, we
show that human bile, owing to the presence of mucins
that carry the CA19-9 side chain, have strong affinity
to E-selectin receptor and may, thereby, modulate leukocyte adherence to endothelial cells.
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washes with the buffer described above. Adherent cells were
independently counted under a microscope by two investigators in a blinded manner. Plasma samples from normal and
cholestatic patients were tested in an identical manner. The
specificity of the binding assay was demonstrated with MAb
against E-selectin. The Falcon dishes coated with E-selectin
IgG fusion protein were incubated with anti-E-selectin MAb
for 30 min at room temperature. Following three washes with
PBS, the adhesion experiment was performed as described
above. The dishes treated with the antibody retained only
2–3% of the cells compared with that retained by the control
dishes without antibody treatment, demonstrating the specificity of the assay.
RESULTS

Fig. 1. CA19-9 concentrations and E-selectin binding activity of
fractionated human gallbladder bile. CA19-9 levels were determined
by using a commercial sandwich enzyme immunoassay. E-selectin
binding was assessed by studying the effect of various fractions of
human gallbladder bile on the binding of HL-60 cells to immobilized
E-selectin IgG. The mucin-rich (void volume) fraction of human
gallbladder bile completely inhibited adherence of HL-60 cells to
E-selectin, whereas the mucin-free (excluded) fraction showed no
inhibition, which correlates well with the CA19-9 levels. Each point
on the graph is the mean of triplicate determinations.

Fig. 2. CA19-9 concentrations and E-selectin binding activity of
fractionated human hepatic bile. CA19-9 levels were determined by
using a commercial sandwich enzyme immunoassay. E-selectin binding was assessed by studying the effect of different fractions of
human hepatic bile on the binding of HL-60 cells to immobilized
E-selectin IgG. The mucin-rich (void volume) fraction of hepatic bile
completely inhibited adherence of HL-60 cells to E-selectin, whereas
the mucin-free (excluded) fraction showed no inhibition, which correlates well with the CA19-9 levels. Each point on the graph is the
mean of triplicate determinations.

in an identical manner to the mucin-rich void (excluded) volume fraction containing maximum CA19-9 activity and expressing maximal inhibition of the binding
of HL-60 cells to immobilized E-selectin.
To further ascertain the specific role of CA19-9 as the
mediator of inhibition of HL-60 binding to E-selectin,
we separated CA19-9 from bile by using immunoaffinity chromatography. Figure 3 gives the CA19-9 content
and inhibition of HL-60 binding to E-selectin in the
native human gallbladder bile and the unbound and

Fig. 3. CA19-9 concentrations and inhibition of HL-60 binding to
E-selectin by gallbladder bile following immunoaffinity chromatography. The CA19-9 immunoaffinity column efficiently separated
(⬃100%) CA19-9 from bile. The native bile and the bound fraction
(eluted), which had large amounts of CA19-9, showed ⬃100% inhibition of HL-60 cell binding to immobilized E-selectin, whereas the
unbound fraction, poor in CA19-9, failed to inhibit binding. The
unbound fraction showed significantly less (n ⫽ 5, *P ⬍ 0.001)
inhibition of HL-60 binding compared with the native and bound
fractions.
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We have assessed the E-selectin binding property of
human bile and the medium from cultured gallbladder
cells by studying the ability of these samples to interfere with the adherence of the sialyl-Lewisx-carrying
HL-60 leukemia cell line to immobilized E-selectin.
Figure 1 gives the concentrations of CA19-9 in fractionated human gallbladder bile and the effect of these
fractions on the binding of HL-60 cells to immobilized
E-selectin. Fractionation of human gallbladder bile
with Sepharose 4B-Cl gel chromatography showed
CA19-9 activity in one main peak in the void volume
(excluded fraction); only low activity was found in the
included fractions. Earlier, we showed (22) that this
void volume corresponds to the mucin-rich fraction of
bile. Furthermore, the CA19-9-carrying mucin-rich
fraction of human gallbladder bile exhibited maximal
inhibition of the binding of HL-60 cells to immobilized
E-selectin (89.4 ⫾ 7%), whereas the low-molecularweight (mucin-free) fractions had little effect (10.5 ⫾
5%). Figure 2 gives the data obtained using various
fractions of human hepatic bile. Hepatic bile behaved
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Table 1. E-selectin binding and CA19-9
concentrations in culture media

Fig. 4. Correlation between CA19-9 concentration and E-selectin
binding property of various fractions of human gallbladder bile,
human hepatic bile, and media from cultured human and dog gallbladder epithelial cells. A good correlation was observed (r ⫽ 0.75,
P ⬍ 0.05) between CA19-9 levels and E-selectin binding property of
the samples tested.

DISCUSSION

Recruitment of leukocytes to sites of inflammation is
mediated in part by E-selectin, which is expressed on
activated endothelial cells of the blood vessel walls
(15). It has been shown that E-selectin recognizes the
carbohydrate antigens sialyl-Lewisa (CA19-9) and sialyl-Lewisx. These antigens are present on the monocytes and granulocytes in adult blood, which mediate
their adhesion to E-selectin (11). Elevated serum
CA19-9 levels are also detectable in a variety of cancers
and have been shown to bind to E-selectin (25). Besides
carcinogenic conditions, CA19-9 is also expressed in
the normal intraluminal secretions of salivary glands,
pancreas, and bile. Since CA19-9 can also be detected
within goblet cells of glandular tissues, it has been
speculated that CA19-9 may be carried on mucins
secreted into the ducts (26). Indeed, it has been shown
that CA19-9 belongs to the group of compounds having
a mucinlike structure (11, 21), and we recently reported that biliary mucins carry CA19-9 (22). Our
present data show that human biliary mucins carrying
CA19-9 block the binding of HL-60 cells to immobilized
Table 2. E-selectin binding and CA19-9
concentrations of human cholestatic serum

Samples

%Inhibition of Binding

CA19-9, U/ml

HGBEC
DGBEC

98.3 ⫾ 4.9
5.1 ⫾ 3.2

459.1
11.1

CA19-9 concentrations and inhibition of binding of HL-60 cells to
immobilized E-selectin by culture media from human gallbladder
epithelial cells (HGBEC) and culture media from dog gallbladder
epithelial cells (DGBEC). CA19-9 concentrations and E-selectin
binding were determined as given in Fig. 1. Culture media from
HGBEC exhibited complete inhibition of binding of HL-60 cells to
immobilized E-selectin, which was consistent with the presence of
increased levels of CA19-9 in these samples. Medium from cultured
DGBEC showed poor inhibition of the binding of HL-60 cells to
E-selectin, consistent with low CA19-9 content.

Samples

%Inhibition of Binding

CA19-9, U/ml

Native
Fraction I
Fraction II
Fraction III

98.3 ⫾ 3.9
11.2 ⫾ 3.1
35.5 ⫾ 4.2
100

84,000.000
28.28
221.88
91,236.30

CA19-9 concentrations and inhibition of binding of HL-60 cells to
immobilized E-selectin by cholestatic serum. The serum sample was
fractionated using a CA19-9 immunoaffinity column, and 3 representative fractions were tested for E-selectin binding and CA19-9
content as described in Fig. 1. Fraction with high levels of CA19-9
exhibited maximum inhibition of binding of HL-60 cells to immobilized E-selectin.

Downloaded from http://ajpgi.physiology.org/ by 10.220.32.246 on November 18, 2017

bound fractions of the same bile samples following
separation over the immunoaffinity column. This figure shows that there was negligible CA19-9 activity in
the unbound fraction and that the bound fraction and
the native sample contained high CA19-9 activity. The
E-selectin binding assay showed that the CA19-9-rich
native and bound fractions caused almost complete
inhibition of HL-60 binding to E-selectin, whereas the
unbound fractions devoid of CA19-9 exhibited only
negligible inhibition.
In further experiments, we studied the medium from
cultured human gallbladder epithelial cells. In support
of our findings with human bile samples, medium from
cultured human gallbladder epithelial cells rich in
CA19-9 (459 U/ml) completely blocked the binding of
HL-60 cells to immobilized E-selectin (98.3 ⫾ 2%) (Table 1). In contrast, the culture medium from the dog
gallbladder epithelial cells almost devoid of CA19-9 (11
U/ml) poorly interfered with the binding of HL-60 cells
to immobilized E-selectin (5.1%) (Table 1). The inability of the CA19-9-free culture medium from dog gallbladder epithelial cells to prevent the binding of HL-60
cells to immobilized E-selectin further substantiates
the view that CA19-9 side chains of human biliary
mucin mediate the binding of bile to E-selectin.
A good correlation (r ⫽ 0.71, P ⬍ 0.05) was found
between the CA19-9 levels and the inhibition of the
binding of HL-60 cells to immobilized E-selectin (Fig.
4). This positive correlation further strengthens the
view that the CA19-9-carrying part of biliary mucin is
a specific ligand for E-selectin.
To investigate the pathophysiological relevance of
these findings, we obtained plasma samples from a
patient with a malignant cholestasis. The serum sample was fractionated over a CA19-9 immunoaffinity
column, and the various fractions were used to perform
the adhesion. Table 2 gives CA19-9 levels and the
inhibition of HL-60 binding to immobilized E-selectin
in the presence of these samples. The fraction rich in
CA19-9 significantly inhibited the binding of HL-60
cells to immobilized E-selectin, whereas the fractions
with low CA19-9 levels showed poor inhibition.
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E-selectin, thereby functioning as specific ligands for
E-selectin.
Neutrophils play a central role in the host response
to infection and tissue inflammation. The recruitment
of neutrophils from the mainstream of blood to afflicted
tissue is the key event mediating the inflammatory
response. Among other factors, this event is believed to
be mediated by E-selectin binding (15). A high incidence of septic complications has been documented in
patients with obstructive jaundice, although the reason for this is unknown (2, 6). Plasma samples obtained from patients with obstructive cholestasis have
been found to markedly inhibit the binding of activated
neutrophils to endothelial cells, in contrast to plasma
samples obtained from normal healthy individuals
(20). Although heating did not affect this antiadhesive
property of plasma samples obtained from cholestatic
patients, treatment with the enzyme sialidase partially reduced the activity, suggesting that the antiadhesive factor requires, at least in part, a carbohydrate
backbone for activity (20). The high levels of CA19-9
measured in the plasma of patients with cholestatic
disease indicate that these patients have circulating
mucins. The potent E-selectin binding activity of mucins may result in the inhibition of the rolling of leukocytes, an event that precedes leukocyte adhesion.
Under normal physiological conditions, most CA19-9containing mucins are probably secreted into compartments in which they are degraded or excreted and are
thus excluded from circulation (26). However, in the
case of a breach of the barrier between the CA19-9-rich
luminal content and the interstitial space, CA19-9 may
leak into the bloodstream. Inflammatory destruction of
the epithelial barrier is most probably the cause of
increased serum levels of CA19-9 in cystic fibrosis (17)
and rheumatoid arthritis (8). Similarly, an impaired
epithelial barrier function during hepatobiliary diseases may lead to the diffusion of CA19-9 across the
biliary epithelium. This diffusion may be driven by the
high gradient between luminal and interstitial CA19-9
concentrations. Since neither active transcellular
transport of CA19-9 nor secretion from the basolateral membrane of epithelial cells is a likely mechanism, passive diffusion is the most plausible pathway for the presence of increased CA19-9 in the
serum of patients with benign hepatobiliary diseases
(1, 10).
The leakage of CA19-9-carrying mucin into circulation during various hepatobiliary diseases may serve
as one of the mechanisms for the feedback inhibition of
granulocyte infiltration, which may precipitate inflammatory reactions associated with these conditions. According to this view, one could speculate that biliary
mucin, because of its E-selectin binding activity, may
be of therapeutic value in both acute and chronic
pathological conditions. Testing different mucins or
mucinlike glycoproteins for their capacity to inhibit the
interaction between leukocytes and E-selectin could be
an alternative strategy for modulation of inflammatory
conditions.
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