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The trend towards an increased consumption of minimally processed plant food results in a
higher intake of non-nutritive compounds such as lectins. Lectins are typically globular proteins
that are resistant to digestion in the gastrointestinal tract. They affect the integrity of the
intestinal epithelium and the absorption of dietary antigens, and induce the release of allergic
mediators from mast cells in vitro. Based on this information we have studied whether dietary
wheat germ agglutinin (WGA) could be involved in triggering food allergies. Brown Norway
rats were immunized intraperitoneally using ovalbumin (OVA; 10 mg/rat) and 10 d later treated
for five consecutive days with WGA (10 mg/rat per d) administered intragastrically. Rats were
then orally challenged with OVA (100 mg/rat) 1 h after the last WGA application, and blood
was collected 4 h later. Immunological responses (anti-OVA immunoglobulins E and G, rat
mast cell protease II, interferon-g and lymphocyte proliferation) were measured and lymphocyte
subpopulations were determined. In immunized rats WGA treatment resulted in increased serum
rat mast cell protease II concentrations (pre-challenge 0´26 (SE 0´08) mg/ml, post-challenge 0´49
(SE 0´09) mg/ml; P , 0´01) 4 h after the OVA challenge. After 5 d serum concentrations of anti-
OVA immunoglobulin E were significantly increased only in the immunized controls (absor-
bance at 405 nm on days 14 and 19 was 0´09 (SE 0´008) and 0´24 (SE 0´046) respectively;
P � 0´02), while in WGA-treated rats no significant increase was seen (0´08 (SE 0´004) and 0´15
(SE 0´037 respectively; P � 0´14). CD4+ : CD8+ T lymphocytes in the spleen was significantly
increased at this time (OVA 1´1 (SD 0´2), OVA�WGA 1´4 (SD 0´1), P , 0´05). The treatment
did not impair the proliferation and interferon-g production of mesenteric lymphocytes. In
conclusion, these data suggest that high dietary intake of lectins such as WGA may affect the
allergic response towards oral antigens in the gut-associated lymphoid tissue.

Wheat germ agglutinin: Immune response: Allergy

Recent dietary recommendations have emphasized the
increased consumption of whole-wheat products (World
Cancer Research Fund and American Institute for Cancer
Research, 1997). This may result in an elevated dietary
intake of lectins such as wheat-germ agglutinin (WGA).
The health effects of dietary lectins have recently been
addressed by several authors who have pointed out that
currently only limited information is available on the
immunotoxicity of lectins (Freed, 1999; Kilpatrick, 1999;

Cordain et al. 2000). Lectins occur in many crop plants and
are part of the normal diet (Nachbar & Oppenheim, 1980).
They are typically globular proteins that are resistant to
digestion by mammalian and bacterial enzymes and may
pass intact through the gastrointestinal tract. Lectins may
further become internalized and circulate intact in the
peripheral blood (Pusztai et al. 1993; Wang et al. 1998).
They provoke diverse biological consequences in mammals
such as hyperplasia and hypertrophy of the small intestine
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and could increase the permeability of the intestinal wall,
resulting in enhanced absorption of dietary antigens
(Pusztai, 1991; Freed, 1999; Kilpatrick, 1999; Cordain
et al. 2000).

There are no data available on the average dietary
intake of WGA in human subjects. In cereals, WGA
concentrations ranged from 13 to 53 mg/kg (Ortega-
Barria et al. 1994). The highest WGA concentrations are
found in wheat germ (#0´5 g/kg; Peumans & van
Damme, 1996). The estimated quantity of total dietary
lectins is in the range 0±200 mg/person per d (calcula-
tions based on data from Peumans & van Damme, 1996).
Such a dose range is expected to be too low to induce
non-nutritive or toxic effects in the gastrointestinal tract
(Peumans & van Damme, 1996). In volunteers consum-
ing wheat germ with the equivalent of 200 mg active
agglutinin, no side effects were reported (Brady et al.
1978). In another group of volunteers the consumption of
whole wheat resulted in the generation of serum anti-
WGA antibodies (Tchernychev & Wilchek, 1996),
indicating that intact WGA passes through the intestinal
wall and reaches cells of the gut-associated lymphoid
tissue (GALT) located in the lamina propria. Only few
data are currently available on the immunotoxicity of
orally administered WGA on the GALT (Pusztai et al.
1993), although this is probably the immune tissue with
the highest WGA exposure. The immunological con-
sequences of the trans-epithelial transport of intact WGA
from the diet are unknown.

In the rat WGA binds to surface glycans on epithelial
cells causing damage to the base of the villi. The resulting
structural changes include increased intestinal permeability
for different permeability markers (Pusztai et al. 1993). In
tissue culture experiments WGA blocked as well as
enhanced the epithelial permeability of various perme-
ability markers, depending on their molecular size
(Lorenzsonn & Olsen, 1982; SjoÈlander et al. 1984). In
vitro WGA interacts with the interleukin (IL) 2 receptor on
T and B lymphocytes, and thereby impairs lymphocyte
function (Pusztai, 1991). WGA binds to immunoglobulin
(Ig) on leucocytes from allergic patients and induces
histamine secretion (Shibasaki et al. 1992), it stimulates
histamine release by murine peritoneal non-sensitized mast
cells (Lansman & Cochrane, 1980) as well as IL-4 and IL-
13 secretion by human basophils (Haas et al. 1999). These
cytokines are key promotors of both T-helper 2 lymphocyte
responses and IgE synthesis. Such in vitro activities suggest
a potential of WGA-rich food to stimulate allergic
responses to dietary antigens.

The hypothesis of the present study was that WGA could
impair the intestinal epithelial integrity, thereby facilitating
the penetration of antigens and impairing the tolerance of
the gut towards these antigens. In addition, WGA might
further directly interact with mucosal mast cells and non-
specifically induce mediator release. The objective of the
present study was to investigate whether toxic effects of
WGA in the intestinal tissue could be involved in triggering
food allergies. An established animal model (Watzl et al.
1999a,b) was used to study whether dietary WGA affected
the immune response to intragastrically applied ovalbumin
(OVA) in immunized Brown Norway (BN) rats.

Materials and methods

Materials

WGA was purchased from Sigma (Deisenhofen, Germany).
Fetal bovine serum, glutamine, penicillin and streptomycin
were obtained from Boehringer (Mannheim, Germany).
Reagents for immunofluorescence staining were all from
Pharmingen (Hamburg, Germany). Antibodies were pur-
chased from Sera Lab, Crawley Down, West Sussex, UK
(anti-rat IgE), from The Binding Site, Heidelberg, Germany
(anti-rat IgG), and from Southern Biotechnology, Birming-
ham, AL, USA (anti-mouse IgG1). All the other reagents
were obtained from Sigma.

Animals and treatment schedule

Adult male BN rats were obtained from the breeding
colony of the Federal Research Centre for Nutrition,
Karlsruhe, Germany. Permission for the animal studies
was obtained from the State Veterinary Office and
experiments were performed in compliance with their
guidelines for the care and use of laboratory animals. BN
rats were fed ad libitum with a WGA- and OVA-free diet
(C1000; Altromin, Lage, Germany); 12 h before substance
application and before termination of the experiment,
feeding was stopped. All test substances were administered
intragastrically by tube. OVA and WGA were dissolved in
1 ml saline (9 g NaCl/l).

BN rats (six to eight rats per treatment) were immunized
intraperitoneally on day 0 using 1 ml OVA (10 mg/ml)
dissolved in saline without use of an adjuvant. Control
animals were treated intraperitoneally with 1 ml saline.
During days 10±14, rats were treated for five consecutive
days: group A, non-immunized control animals were treated
with 1 ml saline/d; group B, immunized rats were
treated with 1 ml saline/d; group C, immunized rats were
treated with 10 mg WGA (27 mg/kg body weight)/d. At
1 h after the last treatment with WGA, the animals of all
three groups were challenged orally with 100 mg OVA/rat
dissolved in 1 ml saline. Doses of OVA were based on
previous experiments (Watzl et al. 1999a,b). The dose of
WGA was chosen to be ten times higher than the average
total dietary intake of lectins in human subjects consuming
vegetarian diets (calculations based on data from Peumans
& van Damme, 1996).

Blood collection

Blood was obtained from the tail vein at different time
points during the experiment, and at the end of the
experiments from the axillary plexus of rats anaesthetized
with diethyl ether. Serum was obtained and stored at
2208C until further processing.

Cell isolation and culture

Lymphocytes were isolated from spleen and mesenteric
lymph nodes and were suspended in RPMI 1640
medium, supplemented with 10 mM-HEPES buffer solu-
tion, and 5 % (v/v) heat-inactivated fetal bovin serum,
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2-mercaptoethanol (50 mM), L-glutamine (2 mmol/l), peni-
cillin (100 U/ml), and streptomycin (100 mg/ml).

Immunofluorescence staining

Cells from the spleen and from the mesenteric lymph nodes
adjusted to a density of 1 � 106 cells=ml were washed three
times with PBS containing 1 % (w/v) bovine serum
albumin and 0´1 % (w/v) sodium azide. The cells were
incubated for 30 min at 48C with fluoresceinisothiocya-
nate-conjugated anti-rat CD4, and fluoresceinisothiocya-
nate-conjugated anti-rat CD8. After three washes with cold
fluorescence-activated cell sorter buffer, cells were fixed
with 1 % (v/v) paraformaldehyde and analysed using a
FACScan fluorescence-activated cell sorter (Becton Dick-
inson, Heidelberg, Germany).

Lymphocyte proliferation

Mesenteric lymph node cells at 1 � 106 cells=ml were
stimulated by the T-cell mitogen concanavalin A (5 mg/ml)
for 120 h. The cells were pulse-labelled with the thymidine
analogue 5-bromo-deoxyuridine for 2 h at 378C. The
incorporated 5-bromo-deoxyuridine was detected by a
quantitative cellular enzyme immunoassay using a com-
mercial ELISA kit according to the instructions of the
manufacturer (Boehringer Mannheim).

Detection of rat mast cell protease II in serum

The concentration of rat mast cell protease II (RMCPII) in
serum was measured by ELISA (Huntley et al. 1990) with
the use of a commercially-available kit (Moredun Scientific
Limited, Midlothian, UK).

Detection of specific anti-ovalbumin immunoglobulins E
and G

Anti-OVA antibody serum levels were measured by ELISA
as reported earlier (Watzl et al. 1999a). Briefly, microtitre
plates (Maxisorp; NUNC, Roskilde, Denmark) were coated
with 50 ml per well of an OVA solution (20 mg/ml). Sera
diluted at 1/100 were added for 2 h at room temperature.
For detection of IgE, plates were incubated with a
monoclonal mouse anti-rat IgE antibody followed by a
polyclonal affinity-purified goat anti-mouse IgG1 perox-
idase-conjugated antibody. As a peroxidase substrate, 2,2 0-
azino-bis-3-ethylbenzothiazoline-6-sulfonic acid buffer
was used. Optical density was measured at 405 nm. For
the detection of IgG, a polyclonal affinity-purified sheep
anti-rat IgG peroxidase-conjugated antibody was used.
There was no cross-reactivity between the monoclonal
mouse anti-rat IgE antibody and the rat anti-OVA IgG
antibody in serum.

Detection of interferon-g in culture supernatant fractions

Mesenteric lymphocytes at 1 � 107 cells=ml in complete
RPMI 1640 medium were stimulated by 5 mg concanavalin
A/ml for 48 h at 378C. Cell-free supernatant fractions were
collected and stored at 2808C for later analysis. Interferon-g

(IFNg) was quantified by ELISA as described earlier
(Watzl et al. 1999a).

Measurement of intestinal epithelial permeability

Caco-2 cells (European Collection of Animal Cell Cul-
tures) were used at passage 30±45 and were plated on
Transwellw cell culture chamber inserts (1 cm2, pore size
3 mm, polycarbonate membrane; Costar, Bodenheim,
Germany) that had been coated with rat-tail collagen
(25 mg/cm2). Cells were cultured in Dulbecco's modified
Eagle's minimum essential medium (with 4´5 g glucose/l
and 25 mM-HEPES), supplemented with 2 mM-glutamine,
1 mM-pyruvate, 25 IU penicillin/ml, 25 mg streptomycin/
ml, 1 % (v/v) of a mixture of non-essential amino acids and
10 % (v/v) fetal bovine serum. Cells were maintained at
378C in a humidified atmosphere of 5 % (v/v) CO2 in air.
Culture medium was replaced three times weekly, and cells
were used 14±23 d after trypsinization, and 1 d after the
culture medium had been changed.

Fluorescein transport across cells grown on permeable
supports was assessed as follows. For all experiments, cells
were incubated in Ringer solution containing (mM): 120
NaCl, 25 NaHCO3, 0´8 K2HPO4, 3´3 KH2PO4, 1´25 MgCl2,
1´25 CaCl2, 25 D-glucose. In order to assess the integrity of
the cell monolayer, the trans-epithelial electrical resistance
of each insert was measured at the start and at the end of
each experiment, by means of an EVOM resistance meter
and Endohm 12 chamber (World Precision Instruments,
Mauer, Germany). The apical side of the Caco-2 monolayer
was exposed for 2 h to WGA (0´1 and 1´0 mg PBS/ml).
Fluorescein (free acid) in PBS was added together with the
lectin. The permeability of fluorescein was measured in
quadruplicate in four independent experiments as described
earlier (Shaw et al. 1990).

Statistics

Baseline data v. post-treatment data within groups were
analysed using Student's paired t test or Wilcoxon's rank
test for data that were not normally distributed. Differences
between treatment groups were analysed using Student's t
test for independent samples (or the Mann±Whitney U test
for data that were not normally distributed). Data from the
in vitro experiments were analysed using Student's
unpaired t test. Statistical significance was accepted at the
P , 0´05 level.

Results

Permeability of Caco-2 monolayer

Caco-2 cells were cultured for 5 weeks on inserts.
Confluence of the monolayer was controlled by measuring
the trans-epithelial electrical resistance (mean 293 (SD

11´2) V´cm2; n 4). Caco-2 cells were incubated for 2 h with
the permeability probe fluorescein and various doses of
WGA (0, 0´1 and 1 mg/ml). The treatment with WGA
tended to increase the permeability of the monolayer for
fluorescein (expressed as absorbance at 492 nm in the
lower compartment); however, the difference was not
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statistically significant (control 0´040 (SD 0´032), 1 mg
WGA/ml 0´090 (SD 0´083), P � 0´35; n 4).

Humoral systemic immune response

In order to study whether multiple exposures to WGA
modulate the immune response to OVA, immunized rats
were additionally treated for five consecutive days with
WGA (10 mg/rat per d). In immunized control animals
treated with saline, the oral OVA challenge on day 14
resulted 5 d later in a significantly increased serum anti-
OVA IgE concentration �P � 0´02�: In contrast, in animals
treated with WGA no significant increase in serum anti-
OVA IgE was observed (P � 0´14; Fig. 1). Serum anti-
OVA IgG was also not significantly increased in
WGA-treated rats (absorbance at 405 nm on days 14 and
19: OVA 0´22 (SD 0´07) and 0´50 (SD 0´09) respectively,
P � 0´02; OVA�WGA 0´18 (SD 0´03) and 0´28 (SD 0´09)
respectively, P � 0´34).

Serum rat mast cell protease II concentration

The oral challenge of BN rats with OVA�WGA on day
14 resulted 4 h post-challenge in a significantly increased
serum RMCPII concentration compared with days 0 and 19
(P , 0´05; Fig. 2). RMCPII concentrations on day 14 did
not differ significantly between OVA�WGA and OVA
alone �P � 0´11�: In rats treated with only OVA no effect
on mucosal RMCPII secretion was observed.

Proliferation of mesenteric lymphocytes and secretion of
interferon-g

The treatment of rats with WGA did not affect the
proliferative responsiveness of ConA-activated mesenteric
lymphocytes when compared with untreated immunized
rats (Fig. 3). However, mesenteric lymphocytes from
immunized animals showed a significantly enhanced
proliferative responsiveness compared with lymphocytes

Fig. 1. Anti-ovalbumin (OVA) immunoglobulin E serum concentra-
tions in immunized Brown Norway rats. Blood was collected before
immunization (day 0), 4 h (day 14) and 5 d (day 19) after oral OVA
challenge (100 mg/rat). Rats were treated with wheat-germ agglutinin
(WGA) during days 10±14 (10 mg/rat per d). For details of
treatments and experimental procedures, see pp. 484±485. (A),
Control; (B), OVA; (m), OVA�WGA: Values are means and
standard errors of the means represented by vertical bars for six to
eight rats per treatment. Mean value for OVA on day 19 was
significantly different for those on days 0 and 14: *P , 0´05:

Fig. 2. Rat mast cell protease II (RMCPII) concentrations in serum of
immunized Brown Norway rats. Blood was collected before
immunization (day 0), 4 h (day 14) and 5 d (day 19) after oral
ovalbumin (OVA) challenge (100 mg/rat). Rats were treated with
wheat-germ agglutinin (WGA) during days 10±14 (10 mg/rat per d).
For details of treatments and procedures, see pp. 484±485. (A),
Control; (B), OVA; (m), OVA�WGA: Value are means and standard
errors of the means represented by vertical bars for six to eight rats
per treatment. Mean value for OVA�WGA on day 14 was
significantly different from those on days 0 and 19: *P , 0´05:

Fig. 3. Proliferation of mesenteric lymphocytes from Brown Norway
rats activated by concanavalin A (5 mg/ml) for 120 h at 378C.
Lymphocytes were isolated 5 d after oral ovalbumin (OVA) challenge
(100 mg/rat) and the last wheat-germ agglutinin (WGA) treatment
(5 � 10 mg WGA/rat). For details of treatments and procedures, see
pp. 484±485. (A), Control; (B), OVA; (m), OVA�WGA: Values are
means and standard errors of the means represented by vertical
bars for six to eight rats per treatment. Mean values were
significantly different from that for the controls: *P , 0´05:
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from non-immunized rats (P , 0´05; Fig. 3). In contrast,
mesenteric lymphocytes from immunized rats showed a
trend towards lower secretion of IFNg compared with those
from non-immunized rats (OVA, P � 0´08; OVA�WGA;
P � 0´22) with no differences between OVA�WGA and
OVA alone (Fig. 4).

Detection of lymphocyte surface molecule expression

The quantification of the expression of mesenteric
lymphocyte surface molecules (CD4, CD8) revealed no
impact of the WGA treatment (Table 1). However, in the
spleen a lower number of CD8+ lymphocytes were found in
rats treated with OVA�WGA (Table 1), resulting in
CD4 : CD8 of 1´4 (SD 0´1) v. 1´1 (SD 0´2) for OVA-treated
rats �P , 0´05�:

Discussion

The GALT is highly selective with regard to recognition of
antigens. The microenvironment prevents an immune
response to food antigens by actively suppressing the
function of immunocompetent cells. Perturbation of the
microenvironment, e.g. by infection or toxic insults, may
result in an immune response to orally-applied antigens,
which in turn might contribute to the development of food
allergies or chronic inflammatory diseases of the gut. In
this context, the role of plant lectins, natural constitutents
of many cereals, legumes and vegetables, in the induction
of a secondary immune response to an orally-applied
antigen was examined.

The objective of the present study was to investigate
whether non-nutritive constitutents in plant food, such as
WGA, affect the response of the GALT towards dietary
antigens. Using an in vivo animal model, the immunolo-
gical potential of orally-applied WGA in the GALT was
studied in immunized BN rats. OVA-specific antibodies
(IgE and IgG), proliferative responsiveness, IFNg secretion
capacity and phenotypes of mesenteric lymphocytes as well
as the release of RMCPII into serum as indicators of
intestinal reactivity were quantified. In contrast to studies
investigating the effect of high doses of xenobiotics, in the
present study the administered dose of WGA was only ten
times above the estimated intake of total dietary lectins
consumed by subjects consuming vegetarian diets (4´2 mg/
kg body weight; calculations based on data from Peumans
& van Damme, 1996). The results of the present study
show that the allergic response (indicated as an increase in
anti-OVA IgE) towards OVA was impaired by short-term
treatment with WGA (27 mg/kg body weight), whereas the
production of RMCPII was elevated. These are the first
results suggesting that relatively low doses of lectins such
as WGA after oral exposure are able to impair the allergic
response in immunized animals. Since other researchers
have demonstrated that the effects of lectins on the
gastrointestinal tract are fully or partially reversible
(Bardocz et al. 1995), OVA was administered in the
present study 1 h after the last WGA treatment. Pusztai
et al. (1993) have shown that 2 h after the last feed intake
over 60 % of the WGA was still detectable in the small
intestine, suggesting that at the time of the OVA
administration the lectin was still present in the small
intestine.

While the oral application of OVA to immunized control
rats resulted in significantly increased anti-OVA IgE and
IgG antibodies, WGA treatment inhibited such an increase,
indicating that it may interfere with the regulation of IgE
and IgG responses. The parenteral application of phyto-
haemagglutinin has also been shown to affect the IgE
response towards OVA, depending on the timing of the
phytohaemagglutinin injection (Astorquiza & Sayago,
1984). In a further animal model, the oral application of
the lectin jacalin from jackfruit (Artocarpus integrifolia)
increased the IgE response towards OVA in a time- and
dose-dependent way (Restum-Miguel & Prouvost-Danon,
1985). Although all these studies suggest that lectins may
function as modulators for the production of IgE antibodies,
they reported exactly opposite effects to observations of the

Fig. 4. Secretion of interferon-g (IFNg) by concanavalin A (5 mg/ml)-
activated mesenteric lymphocytes from Brown Norway rats. Lym-
phocytes were isolated 5 d after oral ovalbumin (OVA) challenge
(100 mg/rat) and the last wheat-germ agglutinin (WGA) treatment
(5 � 10 mg WGA/rat). For details of treatments and procedures, see
pp. 484±485. (A), Control; (B), OVA; (m), OVA�WGA: Values are
means and standard errors of the means represented by vertical
bars for six to eight rats per treatment.

Table 1. Expression of surface molecules on lymphocytes from
mesenteric lymph nodes and the spleen (% total leucocytes) of
Brown Norway rats after multiple treatments with wheat-germ
agglutinin (WGA 5 � 10 mg=rat) and subsequent oral challenge by
ovalbumin (OVA; 100 mg/rat) at the termination of the experiment 5 d

after oral challenge²

(Means and standard deviations for six to eight rats per treatment)

Control OVA OVA�WGA

Mean SD Mean SD Mean SD

Mesenteric lymph nodes
CD4 (%) 40´2 2´3 41´4 2´2 40´3 4´2
CD8 (%) 7´0 1´7 6´3 1´0 7´7 2´5
CD4:CD8 6´1 1´3 6´6 0´9 5´5 2´4

Spleen
CD4 (%) 41´1 3´9 39´4 4´9 40´7 7´3
CD8 % 42´8 3´5 40´1 6´9 31´0 2´8
CD4:CD8 1´0 0´1 1´1 0´2 1´4* 0´1

Mean value was significantly different from those for the other treatment
groups: *P , 0´05:

² For details of treatments and procedures, see pp. 484±485.
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present study. Differences in the immunization protocols
might be one reason for the contradictory results. In
contrast to the present study, Restum-Miguel & Prouvost-
Danon (1985) used mice instead of rats, which were at
first sensitized orally with multiple doses of the lectin
followed by subcutaneous immunization with OVA in
combination with a synthetic adjuvant. It is currently not
known whether modulation of antibody production is a
general effect of lectins or whether only specific lectins
exert such effects.

The intestinal mucosa of rats contains mast cells, which
are a major source of serum allergic mediators such as
histamine and RMCPII. This protease is released when
mucosal mast cells degranulate, and it increases intestinal
epithelial permeability without altering its structural
integrity (Scudamore et al. 1995). As a consequence,
antigen penetration of the intestinal epithelium could be
enhanced. Evidence for activation of mucosal mast cells by
WGA in the present study is suggested by the enhanced
serum concentration of RMCPII observed in rats 4 h after
the oral OVA challenge compared with the concentration in
immunized control rats. Mediators such as histamine,
which are secreted together with RMCPII by mucosal
mast cells, may inhibit antibody production (Okitsu-
Negishi et al. 1988; de Pater-Huijsen et al. 1997). Since
anti-OVA IgE production in immunized WGA-treated
animals was not boosted by the oral OVA application,
the enhanced release of mast cell mediators in these
animals may have contributed to the lower serum anti-OVA
IgE concentrations. At 5 d after the challenge, the serum
RMCPII concentration returned to the baseline value,
confirming that the effects of lectins are reversible
(Bardocz et al. 1995). In contrast, a persisting elevated
RMCPII serum concentration for at least 5 d after the oral
challenge with Hg salts was seen in a similar model,
although data for the immunized controls were comparable
in both studies (Watzl et al. 1999a). Other researchers have
also shown that WGA specifically activated peritoneal mast
cells, indicated by an increased histamine secretion (Lans-
man & Cochrane, 1980). Other lectins such as concanavalin
A were not active. It has been speculated that mast cells are
activated by the binding of the lectin to sugar residues on
the IgE receptor, as well as by direct binding to IgE on mast
cells (Ferreira et al. 1996). On stimulation by WGA,
leucocytes from allergic patients showed a significant
release of histamine, while leucocytes from IgE-deficient
subjects did not respond (Shibasaki et al. 1992). This
finding implies that binding of WGA to surface IgE is
necessary for the histamine release, and that WGA does not
directly interact with the leucocytes.

It has been shown in vitro that WGA dose-dependently
induces IL-2 mRNA and IL-2 production of human
lymphocytes (Reed et al. 1985; Kawakami et al. 1988).
At the same time, WGA binds to the IL-2 receptor and
decreases the number of high-affinity IL-2 receptors on T-
cells, overall resulting in the inhibition of lymphocyte
proliferation (Reed et al. 1985; Kawakami et al. 1988). On
the basis of such a proposed mechanism and owing to the
reversibility of the lectin effects (Bardocz et al. 1995), no
adverse effects on lymphocyte proliferation were expected
in the present study. At 5 d after the last WGA treatment,

lymphocyte proliferation did not differ from that of
immunized control animals, confirming the proposed
mechanism.

Lectins, including WGA, trigger basophils to release IL-
4 and IL-13, both leading to elevated IgE synthesis (Haas
et al. 1999). WGA in vitro induced IFNg production in
murine mononuclear cells, suppressing IgE synthesis
(Muraille et al. 1999). IFNg and IL-4 are regarded as
critical for the regulation of IgE synthesis (Pene et al.
1988). This factor prompted us to determine the IFNg
production of mesenteric CD4+ T lymphocytes. The results
of the present study reveal that 5 d after the WGA
application the capacity of mesenteric T lymphocytes to
secrete IFNg was not impaired. At the time of the
experiment, antibodies to measure IL-4 with ELISA were
not commercially available.

The quantification of lymphocyte subpopulations from
mesenteric lymph nodes and the spleen revealed that only
phenotypes from splenic lymphocytes were changed after
the WGA treatment. There were fewer CD8+ lymphocytes,
resulting in significantly reduced CD4 : CD8 �P , 0´05�:
WGA may affect differentiation into CD8+ lymphocytes or
may enhance deletion of CD8+ lymphocytes. In contrast,
using this model, it was shown that Hg treatment activated
CD4+ lymphocytes in spleen and mesenteric lymph nodes
(Watzl et al. 1999a). The present results further show that
dietary WGA exposure induces systemic immune effects.
Interestingly, no effects were observed in the primarily
exposed T lymphocytes of the mesenteric lymph nodes 5 d
after the last exposure. Any effect on this population was
probably already reversed at this time point.

One major impact of WGA on the intestinal tissue is its
permeability-enhancing effect. Several authors have demon-
strated that WGA decreases or increases intestinal perme-
ability as well as the trans-cellular permeability in confluent
epithelial monolayers, depending on the molecular size of the
permeability probes (Lorenzsonn & Olsen, 1982; SjoÈlander
et al. 1984, 1986). An in vitro model (Caco-2 cells) and a
small-molecule permeability probe were used to investigate
the effect of WGA in a dose range of up to 1 mg/ml. Higher
concentrations were shown to induce cytotoxicity in
intestinal epithelial cells (SjoÈlander et al. 1984). None of
the tested concentrations affected the permeability of the
probe, indicating that pores within the cell membrane were
not impaired by WGA. In contrast, with HgCl2 it was shown
that the permeability for fluorescein was dose-dependently
increased (Watzl et al. 1999a).

In conclusion, the overall data on the immunotoxic
effects of WGA are currently rather contradictory. The
majority of data have been generated in in vitro systems
and data from animal studies often report contrasting
results. This situation may be due to different immunization
protocols as well as enteral v. parenteral application of
lectins in these studies. The present data suggest that high
dietary intakes of lectins such as WGA may interfere with
the local allergic response towards oral antigens in the
GALT. The mechanisms by which WGA suppresses IgE or
IgG production and stimulates mast cell-mediator release
are not well understood. In the context of food allergies,
such an inhibitory effect of WGA on IgE production might
be beneficial for individuals suffering from food allergies.
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Since the effects were seen only in the immunized rats,
future studies should investigate the immunological effects
of lectins in individuals with an allergic predisposition. In
addition, more data should be available on the dietary
exposure of individuals with a high intake of lectin-rich
diets to evaluate more precisely their overall health effects.
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