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Summary Lectin binding specificities for carbohydrate allow phenotypic and functional characterization of membrane-associated glycoproteins
expressed on cancer cells. This analysis examined wheatgerm agglutinin binding to pancreatic cancer cells in vitro and the resulting toxicity.
Membrane preparations of nine human pancreatic carcinoma cell lines were studied for lectin binding using wheatgerm agglutinin (WGA),
concanavalin A (ConA) and phytohaemagglutinin-L (PHA-L) in a lectin blot analysis. Cell proliferation in vitro was measured by thymidine
incorporation in the absence or presence of lectins at various concentrations. Sialic acid binding lectins or succinyl-WGA (succWGA) served as
controls. WGA toxicity was tested after swainsonine or neuraminidase pretreatment. Binding and uptake of fluorescein-labelled lectins was
studied under fluorescence microscopy. All pancreatic cell lines displayed high WGA membrane binding, primarily to sialic acid residues. Other
lectins were bound with weak to moderate intensity only. Lectin toxicity corresponded to membrane binding intensity, and was profound in case
of WGA (ID50 at 2.5–5 µg ml–1). WGA exposure induced chromatin condensation, nuclear fragmentation and DNA release consistent with
apoptosis. Important steps for WGA toxicity included binding to sialic acid on swainsonine-sensitive carbohydrate and lectin internalization.
There was rapid cellular uptake and subsequent nuclear relocalization of WGA. In contradistinction to the other lectins studied, WGA proved
highly toxic to human pancreatic carcinoma cells in vitro. WGA binding to sialic acid residues of N-linked carbohydrate, cellular uptake and
subsequent affinity to N-acetyl glucosamine appear to be necessary steps. Further analysis of this mechanism of profound toxicity may provide
insight relevant to the treatment of pancreatic cancer.
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Alterations in cell surface carbohydrate on cancer cells have been
linked to increased metastatic capabilities and more aggressive
biologic behaviour (Dennis and Laferte, 1987; Dennis et al, 1987;
Gorelik et al, 1995). We have previously shown a correlation of
cancer-specific, N-linked β1-6 branched carbohydrate and K-
protein activation in both colorectal and pancreatic cancer cells
(Wojciechowicz et al, 1995; Schwarz et al, 1996). In either system,
cell surface expression of N-linked β1-6 branched carbohydrate
correlated directly with in vitro susceptibility to phytohaemagglu-
tinin-L (PHA-L) toxicity, a lectin with specific binding properties
to β1-6 branched N-linked carbohydrate. Since pancreatic carci-
noma cells express abundant sialic acid residues on cell surface
carbohydrate (Maylie-Pfenninger and Jamieson, 1979; Sowa et al,
1987; Ching et al, 1988; Ho et al, 1988; Willemer et al, 1990), we
were interested in the functional binding characteristics of wheat-
germ agglutinin (WGA), a lectin with specific binding properties
to sialic acid and N-acetyl glucosamine (GlcNAc) (Monsigny et al,
1980; Wright, 1992). This study shows profound in vitro toxicity
of WGA in all pancreatic cancer lines tested. The effect appears
to be carbohydrate-mediated, limited by initial sialic acid binding
as well as lectin internalization, but also dependent on GlcNAc
binding ability.
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Cell culture

Nine human pancreatic carcinoma cell lines obtained from the
American Tissue Culture Collection (ATCC) were maintained in
vitro under standard tissue culture conditions. They included
BxPC, MIA, Panc-1, CFPAC, ASPC, HS-766T, HTB-147, CaPan-
1 and CaPan-2. All lines were grown at 37°C and 5% carbon
dioxide in sterile RPMI-1640 medium with 10% fetal bovine
serum after addition of glutamate, penicillin (50 U ml–1) and strep-
tomycin (50 µg ml–1) (complete medium). Cells were grown on
standard tissue culture plastic flasks to 80% confluency and passed
after trypsinization.

Lectins

Tissue culture-grade or conjugated lectins were dissolved in sterile
phosphate-buffered saline (PBS) without additives and kept at 4°C
in a concentration of 1 mg ml–1. Wheatgerm agglutinin (WGA,
specific for sialic acid and GlcNAc), Concanavalin A (ConA,
specific for α-D-mannose and α-D-glucose), and phytohaemagglu-
tinin L (PHA-L, specific for the β1-6 branch at the trimannosyl
core of N-linked carbohydrate) were obtained from Sigma
Chemicals. Succinyl-WGA (succWGA, specific only for GlcNAc
but not for sialic acid (Monsigny , 1979)) was purchased from
*Present address: Department of Pediatrics, Los Angeles Childrens Hospital, 4650
Sunset Boulevard, Los Angeles, CA 90027, USA
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Vector Laboratories. Control lectins for sialic acid binding were
 agglutinin (MAA),  agglutinin
(SNA) and  agglutinin (LPA), all purchased
from Sigma Chemicals.

Lectin blots

For membrane isolation, cells were scraped from the tissue culture
dish, washed in cold PBS, and snap frozen at –70°C. Membrane
fractions for lectin blot analysis were prepared by dounce
homogenization as described earlier (Wojciechowicz , 1995;
Schwarz  , 1996). Briefly, after two centrifugation steps at
600 for 5 min and at 16 000 for 10 min, the resulting pellet
of total cellular membrane was solubilized in 200 µl of PBS
containing 1% NP-40, 2 mM EDTA, 1 mM phenylmethyl
sulphoxide (PMSF), 100 µg ml–1 aprotinin and leupeptin and
50 µg ml–1 pepstatin. Neuraminidase treatment of some membrane
samples was performed with 2 mU of  
neuraminidase (Boehringer Mannheim) per 2.5 µg of solubilized
membrane protein at 37°C overnight. Membrane proteins (10 µg)
were separated by sodium dodecyl sulphate polyacrylamide gel
electrophoresis (SDS-PAGE) under reducing conditions
(Laemmli, 1970), transferred to nitrocellulose (Towbin  ,
1979), and the membrane blocked for 4 h in 0.1% Tween-20 in
Tris-buffered saline containing 0.1 mM of calcium chloride and
manganese chloride (buffer A) with addition of 3% (w/v) bovine
serum albumin. For lectin binding, the membrane was incubated
for 1 h in buffer A with 1 µg ml–1 of lectin conjugated with
horseradish peroxidase (HRP). Bound lectin was identified with
a chemilluminescent detection system (ECL, Amersham Life
Science Inc.). For reprobing, the membranes were stripped over
night with buffer A containing 0.1% (w/v) SDS.

Cell proliferation

After trypsinization, cells were washed twice in complete medium,
resuspended and counted in a haemocytometer. After placement
into a 96-well flat-bottom tissue culture plate at a density of
0.5–1.5 × 104 cells per well, the cells were allowed to equilibrate
and readhere over 6 h at 37°C. Lectins were then added in complete
medium at final concentrations of 1–500 µg ml–1. All experimental
measurements were performed in triplicates or quadruplicates.
After incubation over 48 h, 3H-labelled thymidine was added at
0.5 µCi per well, and the cells harvested into glass fibre filter
membranes (Titertek) after another 6 h of incubation. Subsequent
to addition of scintillation fluid, radioactive uptake of the filter
membranes was measured in a β-counter with automatic quench
adjustment (Beckman). Group data were calculated as mean counts
per minute, and expressed as proliferation relative to control (in per
cent). All group standard deviations fell within ± 4% of the mean.

Chromatin and DNA labelling analysis

Cells were plated at 5 × 104 cells per well on 8-chamber plastic
tissue culture microscopy plates (Nunc) and incubated overnight
in complete medium. Lectins were added at 20 µg ml–1 as
described for a total incubation of 48 h. The plates were washed
with PBS and fixed in 2% paraformaldehyde (w/v) for 10 min.
After additional washes, 6-diamidino-2-phenylindole-dilactate
(DAPI) was added at 2.5 µg ml–1 for 10 min for chromatin
labelling (Molecular Probes). The slides were rinsed with PBS,
© 1999 Cancer Research Campaign
mounted with 10% glycerol in PBS (v/v), sealed with a cover slip,
and examined under a fluorescence microscope (Olympus). For a
cellular DNA fragmentation enzyme-linked immunosorbent assay
(ELISA) analysis, a commercial 5′-Bromo-2′-deoxyuridine (BrdU)
labelling kit was used (Boehringer Mannheim). Cells were
labelled with BrdU overnight, plated in microtitre well plates at
1 × 104 cells per well, and exposed to lectins for up to 12 h. After
centrifugation at 250 for 10 min, supernatant was transferred to a
microtitre plate precoated with anti-DNA antibody (Boehringer
Mannheim). After three cycles of washing and microwave dena-
turing, 100 µl of anti-BrdU–peroxidase solution were added, incu-
bated for 90 min at room temperature, and 100 µl of TMB
substrate solution were added. The reaction was stopped with 25
µl of H2SO4 solution (16% v/v), and a photometric analysis
performed at 450 nm.

Cell pretreatment before proliferation analysis

For some WGA proliferation experiments, cells were pretreated
with swainsonine or neuraminidase along modifications of stan-
dard protocols (Maylie-Pfenninger and Jamieson, 1979; Dennis,
1986). Swainsonine, an α-mannosidase-2 inhibitor that causes
sialyllactosamine inhibition on N-linked carbohydrate and leads to
formation of hybrid carbohydrate truncations, was added to the
tissue culture plates at 0.03 or 0.3 µg ml–1 over 12 h (Dennis,
1989; Dennis  , 1989; Yagel  , 1989). Cells were then
washed, and lectins added as described. In cases of neuraminidase
pretreatment, suspended cells were incubated at 2 × 106 per ml in
serum-free medium with neuraminidase from   at
50 mU ml–1 and 37°C over 1 h. The cells were then washed twice
with complete medium, checked for viability with trypan blue,
counted and plated into 96-well plates as described. For experi-
ments involving immobilized lectin, a technique modified after
McClay et al (1981) was used. WGA in PBS solution at 2–
80 µg ml–1 was loaded into uncoated 96-well plastic plates at
50 µl per well for 1 h at room temperature. The plates were
flicked, washed four times with PBS, loaded with 3% bovine
serum albumin in PBS (w/v) for 1 h at room temperature at 250 µl
per well, and washed again with PBS. Cells were then added in
complete medium for proliferation analysis as described.

Fluorescent microscopy with FITC–lectin conjugates

Cells were plated at 5 × 104 cells per well on 8-chamber plastic
tissue culture slides (Nunc) and incubated over night in complete
medium. The trays were then cooled to 4°C, and fluorescein
isothiocyanate (FITC) labelled lectins added to final concentra-
tions of 10 µg ml–1. After various incubation intervals at 37°C, the
trays were washed twice with PBS, fixed in 2% paraformaldehyde
solution in PBS (w/v), rinsed twice, quenched with 50 mM ammo-
nium chloride (NH4Cl) in PBS for 10 min and rinsed again. Cells
were permeabilized with a solution consisting of 0.075% saponin
in PBS (v/v) and 0.2% bovine serum albumin (w/v) for 30 min at
room temperature and rinsed in PBS. Treatment with 5 µg ml–1

ribonuclease A (DNAase free) in PBS for 30 min, rinsing and
incubation in 5 µg ml–1 propidium iodine in PBS for 20 min
followed. After rinsing with PBS four times, the slides were
mounted with Vectashield (Vector) and the cover slip was sealed
with nail polish. Slides were kept in the dark at –20°C. Confocal
fluorescent microscopy was performed at the confocal microscopy
core facility at Cornell Medical College, New York, NY.
British Journal of Cancer (1999) 80(11), 1754–1762
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Figure 1 Wheatgerm agglutinin blot. Membrane isolates of nine human
pancreatic cancer cell lines were probed for WGA binding after SDS-PAGE
separation. The two columns for each cell line represent untreated (–)
versus neuraminidase-pretreated (+) membrane isolates in order to
demonstrate WGA binding before or after cleavage of sialic acid

120

100

80

60

40

20

0
0 2.5 10 40

R
el

at
iv

e 
pr

ol
ife

ra
tio

n 
(%

)
PHA-L

ConA

WGA

Lectin concentration (µg/ml–1)

Figure 2 Lectin toxicity. Proliferation of cell line Panc-1 was measured by
thymidine incorporation after a 48-h exposure to lectins (Concanavalin A,
phytohaemagglutinin-L, wheatgerm agglutinin) at various concentrations.
Bars depict standard deviation


Lectin blots

Lectin blots of crude membrane preparations of nine human
pancreatic carcinoma cell lines revealed low binding intensity for
PHA-L and low to moderate binding intensity for ConA. We had
previously shown that, in the case of PHA-L, surface membrane
binding intensity correlated with the degree of K- activation
(Schwarz  , 1996). In contradistinction, WGA membrane
binding was strong in all cell lines tested before neuraminidase
treatment (Figure 1). After cleavage of sialic acid by
neuraminidase pretreatment of the membrane preparations, the
WGA binding intensity decreased significantly in all cell lines,
with residual WGA binding being variable between cell lines,
indicating a strong sialic acid content of membrane glycoproteins
in all cell lines, but a variable N-acetylglucosamine content.
WGA-reactive glycoproteins were detected in multiple bands
between 45 and 200 kDa molecular size on SDS-PAGE analysis.

Cell proliferation and in vitro lectin toxicity

In vitro cell proliferation of all cell lines analysed was affected by
addition of lectins in a dose-dependent manner. While cell prolif-
eration was only weakly inhibited by addition of PHA-L, and
moderately by addition of ConA, WGA displayed strong toxicity
in all nine pancreatic cell lines. For the sake of clarity, only one
representative cell line is depicted (Figure 2). A 50% inhibition of
proliferation (IC50) was observed at WGA concentrations between
2.5 and 7.5 µg ml–1, depending on the cell line tested. As reported
earlier, this IC50 ranged from 7.5 to 28 µg ml–1 for ConA, and was
not reached for the majority of cell lines at a concentration of
40 µg ml–1 in case of PHA-L (Schwarz  , 1996). Thus, it
appeared that general susceptibility to in vitro lectin toxicity corre-
lated with the intensity of membrane surface reactivity on lectin
blots in all cell lines tested. Both ConA and PHA-L, but not WGA
were noted to induce a slight proliferation-stimulating effect at
low concentrations of 1.25–2.5 µg ml–1. Succinyl-WGA proved
to have no effect whatsoever in a dose range up to 40 µg ml–1,
indicating the importance of WGA binding to sialic acid to induce
toxicity at this dose range. When added to the cell proliferation
assay at significantly higher concentrations, however, succWGA
was able to cause a mild inhibition of proliferation in three cell
lines tested, supporting the possibility of cytotoxicity after binding
to the relatively sparse GlcNAc moieties of membrane glycoproteins
(Figure 3).

Swainsonine pretreatment

In an attempt to identify the nature of structures that mediate or
facilitate WGA toxicity in pancreatic cancer cell lines in vitro,
cells were pretreated with swainsonine, an α-mannosidase-2
inhibitor that blocks the addition of polylactosamine antennae and
sialic acid to the mannosyl core of N-linked carbohydrate (Dennis,
1986). As shown in Figure 4, pretreatment with swainsonine
caused little direct inhibition of proliferation. When swainsonine-
pretreated cells were exposed to WGA, however, there was a dose-
dependent abrogation of WGA-induced proliferation blockade,
indicating that the WGA effect is predominantly mediated through
a swainsonine-sensitive structure, e.g. a carbohydrate molecule
susceptible to sialyllactosamine inhibition.
British Journal of Cancer (1999) 80(11), 1754–1762
Neuraminidase pretreatment

Lectin toxicity after target cell pretreatment with neuraminidase
was investigated in three cell lines (BxPC, MIA, Panc-1). After a
1-h exposure to neuraminidase at 37°C, the viability was greater
than 97% in all cell lines. Comparison of proliferation by
neuraminidase-treated versus untreated cells revealed no signifi-
cant difference at 48 h. After addition of WGA, however,
neuraminidase-pretreated cells showed a much lesser degree of
toxicity than untreated controls (Figure 5). Neuraminidase
pretreatment did not lead to a complete abrogation of WGA toxi-
city at WGA doses of 5 and 20 µg ml–1. When other lectins were
studied after neuraminidase cell treatment, a slight increase in
toxicity was observed in pretreated cells after addition of ConA,
PHA-L, and succWGA (data not shown).

DAPI and BrdU analysis

DAPI stains of pancreatic cancer cells after in vitro exposure to
WGA revealed the presence of multiple nucleosomes with chro-
matin condensation in up to 25% of cells (Figures 6 and 7).
Frequency of nuclear fragmentation after WGA coculture varied
© 1999 Cancer Research Campaign
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Figure 3 Succinyl-WGA effect. Cell proliferation of 3 pancreatic cancer cell
lines (Panc-1, ASPC, MIA) is shown after 48-hour exposure to succinyl-WGA
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125

100

75

50

25

0
Control WGA (20 µg/ml–1)

R
el

at
iv

e 
P

ro
lif

er
at

io
n 

(%
)

Swainsonine dose
(µg/ml–1)

0

0.03

0.3

Figure 4 Swainsonine effect. Proliferation of cell line Panc-1 in the
presence of WGA was tested after pretreatment with swainsonine at different
concentrations. Bars depict standard deviation

R
el

at
iv

e 
pr

ol
ife

ra
tio

n 
(%

)

125

100

75

50

25

0
0 1.25 5 20

WGA concentration (µg/ml–1)

NM

None
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Figure 6 DAPI stain of cells after WGA exposure. DAPI chromatin stain of
cell line BxPC before (A) and 48 h after (B) exposure to WGA at 20 µg ml–1
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between cell lines. In addition, presence of WGA led to an absence
of mitotic nuclei in all cell lines tested. Nuclear fragmentation
after ConA exposure was measurable, but less than after WGA
treatment. PHA-L and succWGA did not generate similar nuclear
effects. A dose-dependent release of BrdU-labelled DNA into the
culture supernatant was seen after WGA exposure, but not after
ConA or PHA-L exposure (Figure 8).

FITC-conjugated lectins

Exposure of pancreatic cancer cells to FITC-conjugated WGA
at 4°C led to intense cell surface membrane binding by all cells.
After various intervals at 37°C this binding pattern was altered.
Increased fluorescent activity throughout the cytoplasm was noted
within 10–30 min of exposure (Figure 9). Subsequently, preferred
intracellular localization at the perinuclear zone and at the cell
nucleus could be identified. Maximal nuclear fluorescence was
seen 24 h after exposure. FITC-conjugated succWGA, used as
control, led to a weaker initial membrane binding, but showed
cellular internalization features at 37°C as well (Figure 9).
Increased fluorescence, however, did not seem to involve the
nucleus, but remained within the cytoplasm even after 48 h.

Immobilized WGA

Panc-1 and MIA cells grown on plastic tissue culture plates
precoated with WGA or ConA did not exhibit a decreased
© 1999 Cancer Research Campaign
proliferation activity compared to cells grown on control plates
(Figure 10). In the case of cell line BxPC, however, a small
decrease in proliferative capability was noted. This decreased cell
growth was similar in WGA and ConA precoated plates. Under
inversion microscopy, BxPC cells on plates precoated with WGA
or ConA showed an altered growth pattern with loss of their
normal tendency to form multicell aggregates.
British Journal of Cancer (1999) 80(11), 1754–1762
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nuclear formation in BxPC cells after 48 hours of exposure to lectins at
20 µg ml–1. Bars depict standard deviation

2.5

2

1.5

1

0.5

0

0 5 10 15 20

R
el

at
iv

e 
in

cr
ea

se
 o

ve
r 

co
nt

ro
l

WGA concentration (µg/ml–1)

Figure 8 BrdU analysis. Presence of BrdU-labelled DNA in the supernatant
of Panc-1 cells after 48 h of exposure to WGA at various concentrations.
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Sialic acid binding lectins

Proliferation experiments with cell lines Panc-1 and BxPC were
repeated in the presence of sialic acid binding lectins MAA, SNA,
and LPA. There was no significant reduction in thymidine incorpo-
ration after exposure to these lectins, but a slight increase in cell
growth at lower concentrations (Figure 11).



Cancer cells have been shown to express a variety of membrane
glycoprotein abnormalities, which in part have been linked to a
more aggressive biologic behaviour and metastatic potential
(Dennis et al, 1986; Dennis and Laferte, 1987; Yagel et al, 1989;
Gorelik et al, 1995). While some of these surface carbohydrate
changes in cancer cells reflect specific known genetic alterations
such as K- activation (Wojciechowicz et al, 1995; Schwarz et
al, 1996) or loss of the H2-Kb gene (Gorelik et al, 1993), their
exact role in carcinogenesis and metastasis remains unclear.
Various lectins with specific carbohydrate binding properties have
been used to identify specific cell surface carbohydrate composi-
tions in normal or neoplastic cells (Dansey et al, 1988; Langkilde
et al, 1989b, 1989c; Aoki et al, 1990; Hohenberger et al, 1990;
Kakeji et al, 1994; Schumacher et al, 1994; Takahashi et al, 1994;
Mody et al, 1995). WGA has been shown to react with cell
membrane glycoproteins in a wide variety of neoplastic tissues
(Willmott and Simpson, 1983; Walker, 1984; Kellokumpu et al,
1986; Dansey et al, 1988; Langkilde et al, 1989a; Bresalier et al,
1990; Welch et al, 1990; Mody et al, 1995). When WGA was used
to generate lectin-resistant clones of cultured cancer cells, most
resulting clones showed a remarkable loss of metastatic capabili-
ties (Stanley et al, 1980; Kerbel et al, 1982; Dennis and Laferte,
1986; Ishikawa et al, 1988; Ishikawa and Kerbel, 1989; Kim et al,
1993). The abnormal truncation of asparagine-linked cell surface
carbohydrate with loss of sialylated poly-N-acetyllactosamine
complexes and the resulting increase in adherence to laminin,
fibronectin and type-4 collagen appears to account for this loss of
metastatic potential in WGA-resistant clones (Finne et al, 1980,
1982; Dennis, 1985, 1986a). Therefore, the determination of the
presence of sialic acid binding sites on cancer cell surface carbo-
hydrate may carry important functional information.
British Journal of Cancer (1999) 80(11), 1754–1762
Sialic acid is a component of many cellular membrane glyco-
proteins in the normal pancreas (Ronzio et al, 1978; Muresan and
Constantinescu, 1985; Willemer et al, 1990; Kameda et al, 1993).
It is unclear whether neoplastic progression of pancreatic acinar
cells leads to an increase in cell surface sialic acid binding, as
determined by WGA reactivity (Skutelsky et al, 1987; Ching et al,
1988). Our results of this study confirm ubiquitous, strong sialic
acid reactivity of crude membrane isolates in nine cultured human
pancreatic carcinoma cell lines. Furthermore, when these cells are
exposed to WGA in vitro, we demonstrate evidence for a dose-
dependent WGA-induced toxicity. While WGA has been shown to
induce lectin-dependent cell-mediated cytotoxicity against some
tumour cells (Kurisu et al, 1980; Ogawara et al, 1985, 1987; Mody
et al, 1995), a direct lectin-mediated cancer cell toxicity has not
been studied extensively (Gorelik, 1994). Kim et al (1993) have
found that toxicity to WGA and   1-B4
lectins required not only cell surface binding sites, but internaliza-
tion in order to occur. Both lectins had to be mobile to cause
apoptotic cell death in BL6 melanoma clones. These findings are
complementary to our results. All pancreatic cancer cells studied
presented multiple membrane-bound glycoprotein binding sites
for WGA. After initial membrane binding, there was rapid incor-
poration of WGA into the cells, and WGA immobilized on the
plastic dish did not cause similar toxicity. Nuclear condensation
and release of fragmented DNA are consistent with an apoptotic
process. This strong sensitivity of pancreatic cancer cells to
WGA-mediated apoptosis is the more remarkable, as of 15 non-
pancreatic cell lines only four exhibited comparable WGA toxicity
(results not shown).

The exact mechanisms involved in WGA-induced cancer cell
death, however, remain to be clarified. Lack of similar toxicity by
succinylated WGA, susceptibility to swainsonine pretreatment,
and toxicity inhibition after neuraminidase pretreatment of cells
lead us to believe that this effect is initially mediated through
WGA binding to sialic acid moieties on cell surface glycoproteins.
While the bound lectin subsequently appears to be internalized
into the cell, and localizes to the nucleus within as little as 30 min,
the resulting biochemical events remain elusive. Interestingly,
however, WGA reactivity with components of nuclear membrane
has been studied extensively (Kramer and Canellakis, 1979; Jett
and Jamieson, 1981; Yoneda et al, 1987; Burrus et al, 1988;
Meikrantz et al, 1991; Vannier-Santos et al, 1991; Moore and
Blobel, 1992; Sterne-Marr et al, 1992; Kita et al, 1993; Maison
© 1999 Cancer Research Campaign
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Figure 9 Fluorescent histolocalization – time course. Confocal microscopy images of Panc-1 cells after exposure to FITC-labelled succinylated WGA (upper
panel, A–D) or WGA (lower panel, E–H). The four images in each panel (from left to right) were taken at 30 min (A and E), 6 h (B and F), 12 h (C and G) and 24
h of lectin exposure (D and H). Areas of lectin binding appear green or dark yellow, dependent of the binding intensity. Nuclei were counterstained with
propidium iodide (red areas). Accumulation of lectin at the nucleus results in bright yellow fluorescence. While both lectins appear in the cytoplasm as early as
30 min after exposure, only WGA localizes to the perinuclear zone and to the nucleus within the subsequent 24 h.
et al, 1993; Radu et al, 1993; Miller and Hanover, 1994; Beltinger
et al, 1995; Dargemont et al, 1995). Accordingly, several glyco-
protein components of nuclear pore complexes show WGA
binding reactivity, and active transport events at the nuclear pore
© 1999 Cancer Research Campaign
complex are interrupted after WGA binding (Moore and Blobel,
1992; Sterne-Marr et al, 1992; Kita et al, 1993; Michaud and
Goldfarb, 1993; Radu et al, 1993; Adam and Adam, 1994;
Bustamante et al, 1994; Miller and Hanover, 1994; Heese-Peck
British Journal of Cancer (1999) 80(11), 1754–1762
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Figure 11 Sialic acid binding lectins. Proliferation of cell line Panc-1 was
tested in the presence of various concentrations of MAA, SNA and LPA.
WGA and sWGA were tested as well. Data are presented on an ordinate
logarithmic scale. Bars depict standard deviation
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et al, 1995). We speculate that this nuclear relocation of WGA
induces mechanisms operative in the subsequent manifestation
of cell death.

The events that fall between surface membrane binding of
WGA and the nuclear localization are equally speculative.
Evidence from other in-vitro model systems exists, according to
which direct WGA-mediated toxicity takes place during mitosis
(Lustig et al, 1980), endocytosis of the WGA–receptor complex is
directed to the perinuclear region (Kramer and Canellakis, 1979),
and intermediate-length filaments such as vimentin exhibit WGA
reactivity during prometaphase (Maison et al, 1993). Whether
WGA binding to any other cell organelles is involved in the induc-
tion of toxicity, is unknown. Binding to cell surface receptor sites
is necessary for lectin-induced cytotoxicity, and the receptor
number appears to be an important determinant of susceptibility
(Schwarz et al, 1996). However, surface binding alone is not suffi-
cient to trigger the cell death response. We assume, that in order to
exert a cytotoxic effect, the lectin has to be incorporated into the
cell, which is the step that is limited by the number of cell surface
structures that carry the ability to facilitate lectin incorporation.
Once incorporated, redistribution apparently is a characteristic
feature before cell death initiation, and this redistribution may
likely involve specific binding steps to other glycoproteins.
Although all pancreatic cancer cell lines tested displayed strong
membrane WGA binding, the ultimate apoptotic susceptibility was
slightly more variable, opening the possibility for additional para-
meters of ‘internal susceptibility’ to lectin-mediated apoptosis.
Accordingly, not all cells exhibiting strong WGA surface binding
would be highly susceptible to its toxic effects, while on the other
hand WGA membrane binding appears necessary to initiate the
apoptotic response. Two indications for this hypothesis exist.
Firstly, as lectins that bind only to sialic acid do not mediate
similar cell death in pancreatic cancer cell lines, and as succinyl-
ated WGA can mediate toxicity in very high concentrations (which
may overcome the initially limited GlcNAc-related incorporation
step), this intracellular distribution step may depend on GlcNAc
binding sites in order to initiate an apoptotic response. WGA
binding to nuclear pore complexes have been linked to binding at
GlcNAc moieties in other cell models of nuclear transport
blockade (Miller and Hanover, 1994; Heese-Peck et al, 1995).
Secondly, WGA-resistant murine cells do not always lose their
WGA membrane binding affinity after prolonged exposure to the
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lectin, and may have been selected through a down-regulation or
loss of intracellular lectin processing or binding events (Tao et al,
1983; Kim et al, 1993). That both mechanisms are present in all
pancreatic cancer cell lines tested is without doubt, as all nine
cultured cell lines carry a uniformly strong membrane binding
affinity, a subsequent nearly complete nuclear relocalization, and a
strong toxic response mediated through apoptosis.

In conclusion, WGA induces toxicity against human pancreatic
cancer cells in vitro in a dose-dependent manner. The necessary
steps appear to involve WGA binding to sialic acid residues of cell
surface glycoproteins, internalization of the lectin, and subsequent
localization to the nucleus that itself does not appear to be solely
mediated through sialic acid binding. The cell death mode is
consistent with apoptosis. Further insight into this mechanism may
aid in understanding the complexity of the apoptotic response to
therapeutic interventions in human pancreatic cancer.
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