
003 1-399819413605-0635$03.00/0 
PEDIATRIC RESEARCH 
Copyright 0 1994 International Pediatric Research Foundation, Inc. 

Vol. 36, No. 5, 1994 
Printed in U.S.A. 

Reactivity of Gliadin and Lectins with Celiac 
Intestinal ~ u c o s a '  

K. PI'TTSCHIELER, B. LADINSER, AND J. K. PETELL 

Department of Pediatrics, Zoliakieforschungslabor der Autonomen Provinz Bozen, Sudtirol, 
39100 Bozen, Italy [K. P., B. L. 1, and Biotechnology Department, DowElanco, Indianapolis, 

Indiana 46268 [J. K. P.] 

The binding patterns of gliadin and selected lectins to 
jejunal biopsy specimens obtained from children with total 
villous atrophy during active celiac disease (CD; 19 pa- 
tients) and in remission (16 patients) were examined by 
light microscopy. Three categories of carbohydrate- 
specific lectins were chosen for the study: those recogniz- 
ing mannose/glucose residues, those recognizing N-acetyl- 
glucosamine/glucose (glcNAc/glc) residues, and those 
recognizing N-acetylgalactosamine/galactose (galNAc/gal) 
residues. The galNAc/gal lectins, with the exception of 
phaseolus vulgaris agglutinin variants, presented a typical 
staining of the luminal surface of the jejunal mucosa ob- 
tained from CD patients. However, these lectins displayed 
no reactivity to jejunal sections of CD patients in remission 
or control biopsies that included healthy children (25 chil- 
dren) and patients suffering from cow milk protein allergy 
(10 children). The glcNAc/glc lectin showed a strong pref- 
erential recognition of CD jejunal tissue but also bound 
with less intensity to specimens from patients with cow 
milk allergies and healthy children. Unlike other galNAc/ 
gal lectins, phaseolus vulgaris agglutinin variants were in- 
distinguishable in their binding patterns to the mucosa of 
control groups and CD patients in remission and failed to 
react to CD biopsies. The mannose/glc lectins were not 
distinctive in their binding patterns. In all cases, lectin 
binding was specifically inhibited by the lectins' competi- 
tive saccharides. Atypical of lectin binding patterns, gliadin 
reactivity was restricted to intracellular areas of entero- 

cytes and was unique to active CD mucosa. The distinctive 
binding patterns of lectins and gliadin provide a diagnostic , 
tool to distinguish patients with active CD from those in 
remission or patients with other intestinal disorders. These 
findings raise interesting questions about the role of gliadin 
and lectins in CD. It is speculated that the presence of new , 
luminal sites may act to manifest lectin susceptibility and 
exacerbate CD pathology. (Pediatr Res 36: 635-641, 1994) 

Abbreviations 
CA 111, peptic tryptic casein digest 
CD, celiac disease 
CMPA, cow milk protein allergy 
Con A, concanavalin A 
FF 111, Frazer's fraction 
gal, galactose 
galNAc/gal, N-acetylgalactosamine/galactose 
glc, glucose 
glcNAc/glc, N-acetylglucosamine/glucose 
LCA, lens culinaris agglutinin 
PHA-E, phaseolus vulgaris erythroagglutinin 
PHA-L, phaseolus vulgaris leukoagglutinin 
PSA, pisum sativum agglutinin 
BSL, bandeiraea simplicifolia leukoagglutinin 
SBA, soybean agglutinin 
SJA, sophora japonica agglutinin 
WGA, wheat germ agglutinin 

The pathogenesis of childhood and adult CD is still not 
well understood (1, 2). CD in childhood is characterized 
by villous atrophy and an increase in both the number of 
damaged enterocytes and the cell turnover (3). The pre- 
cise mechanisms responsible for these changes are still 
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controversial (4); however, most investigators believe 
that local immunologic reactions are involved and that 
gluten initiates the process in an unknown way (5). The 
basis for gliadin involvement stems from reports that 
gliadin, a complex heterogeneous protein in gluten of 
wheat, barley, rye, and possibly oats, binds to small- 
intestinal surface elements (6). A similar hypothesis for 
lectin-like involvement of gluten in CD was suggested by 
Weiser and Douglas (7), who indicated that gluten might 
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(8). Rubin et al. (8) showed by immunofluorescent studies 
in adult CD patients that gliadin accumulates in the cy- 
toplasm of epithelial cells during active CD. Further- 
more, it was reported that an abnormal glycoprotein in 
the brush-border membrane was present in the jejunal 
mucosa of CD patients observed to have an increased 
gluten adherence (9). Thus, gliadin peptides were pro- 
posed to have lectin-like effects that could explain their 
pathogenic role in CD (7). The exact mechanism by 
which these peptides cause gut damage is unknown; 
however, peptidase deficiency, an immune defect, or 
lectin-like properties leading to a reaction between the 
cell surface membrane carbohydrate components and 
gliadin have been proposed, connecting genetic, bio- 
chemical, and immunologic theories (10). Immune reac- 
tions to gliadin are likely to play a role in the pathogenesis 
of the disease, inasmuch as both humoral and cell- 
mediated responses have been demonstrated in the pe- 
ripheral blood and in the gut of patients with CD. 

The precise role of gliadin as a lectin remains contro- 
versial; several investigators have conflicting reports on 
the binding properties of F F  111, a peptic-tryptic digest 
fraction of gliadin, to specific sugar moieties and their 
effect in culture on tissue epithelium (6, 11-15). 

The aim of the present work was 1 )  to extend the 
observations of earlier studies by examining the reaction 
of various lectins on the jejunal biopsy specimens from 
children with active CD, children with CD in remission, 
healthy children, and children suffering from CMPA, and 
2) to analyze the binding behavior of gliadin and its digest 
fractions to enterocytes or intraepithelial lymphocytes to 
elucidate whether the hypothesis of lectin-like properties 
of gliadin as the pathogenetic factor of CD is still fash- 
ionable by the actual state of knowledge. 

METHODS 

Specimens. Small-intestinal biopsies were obtained 
with a pediatric Watson biopsy capsule near the ligament 
of Treitz under fluoroscopic control in four groups of 
patients. 

Group A: Nineteen patients (10 females and nine 
males) ranging in age from 1.5 to 2.5 y had untreated CD 
with total mucosa atrophy. At time of the first biopsy, the 
patients had never been on a gluten-free diet. The diag- 
nosis has been subsequently verified according to 
ESPGAN criteria. 

Group B: Sixteen patients (10 females and six males), 
from 3 to 12 y old, had previously been treated for CD. 
They had a jejunal mucosa histologically indistinguish- 
able from normal mucosa after dietary restriction of glu- 
ten. The diagnosis of CD had been demonstrated previ- 
ously according to the European Society for Paediatric 
Gastroenterology and Nutrition criteria. 

Group C: Twenty-five children (15 females and 10 
males) ranging in age from 2 to 5 y investigated for growth 
retardation and bearing a normal jejunal mucosa were 
used as controls. 

Group D: A second control group was represented by 
10 children (three females and seven males) ranging in 
age from 2 to 6 mo affected by CMPA showing partial 
villous atrophy and diagnosed by food challenge. 

Tissue preparation. For paraffin sections immediately 
after excision, biopsy specimens were fixed in 10% for- 
malin, dehydrated, and embedded in paraffin. Sections, 4 
pm thick, were cut, deparaffinized in xylol, rehydrated in 
graded ethanol solutions, washed in distilled water, and 
subsequently washed in 0.01 M PBS, pH 7.4. To block 
the endogenous peroxidase, sections were incubated in 
0.3% H202 in methanol for 20 min. 

For frozen sections, biopsy specimens obtained from 
patients of the four groups were embedded in OCT 
(Miles, Bayer, Milano, Italy) and quick-frozen in liquid 
nitrogen, and 4-pm-thick sections were cut using a cry- 
ostat microtome. After air drying, sections were fixed in 
acetone at -20°C for 10 min, dryed again for 30 min, and 
subsequently washed with PBS. 

Preparation of gliadin and casein digest. A peptic-tryptic 
digest of gliadin (FF 111) and casein (CA 111), provided by 
H. Wieser, Ph.D. (Deutsche Versuchsanstalt fiir Lebens- 
mittelchemie, Munich, Germany), was prepared in the 
following way: For gliadin extraction, 200 g of wheat 
(Kolibri 630) were defatted with petrol ether and dried on 
filter paper. Fifty grams of the flour were dissolved three 
times in 0.4 M NaCl. After low-speed centrifugation, the 
supernatants were collected, dialyzed against acetic acid, 
and lyophilized. Ten grams of gliadin or casein and 50 mg 
of pepsin were added to 100 mL of 0.2N HCl and hydro- 
lyzed for 4 h. Thereafter, the pH was adjusted to 7.8. The 
hydrolysis was continued for 4 h at 37°C by 50 mg of 
trypsin. After the pH was adjusted to 4.5, the preparation 
was ultracentrifuged and lyophilized. 

Biotinylation of gliadin and casein digests. A solution of 
N-hydroxy-succinimide biotin (10 mg/mL) was prepared 
in DMSO. Biotin ester was added in a ratio of 250 mg/mg 
protein to solutions of F F  I11 (4 mg/mL) or CA I11 (4 
mg/mL) in 0.1 M sodium borate, pH 8.8, and incubated at 
room temperature for 4 h. Afterward, 20 mL of 1 M 
NH,Cl was added per 250 mg of ester and incubated for 
10 min at room temperature. Samples were dialyzed 
against PBS and stored at -20°C until used. 

Lectin histochemistry. Lectins selected for study in- 
cluded WGA, Con A, SBA, PHA-L, PHA-E, SJA, PSA, 
BSL 1, and LCA. Lectin concentrations were 1.0 or 2.5 
pg/mL (WGA, Con A, and SBA) and 0.8 or 1.6 pg/mL 
(PHA-E, PHA-L, SJA, PSA, BSL 1, and LCA) for frozen 
or paraffin sections, respectively. 

Nonspecific binding to formalin- or acetone-fixed sec- 
tions was performed by preincubation with 2% BSA 
(Ortho Diagnostic System, Milano, Italy) for 20 min fol- 
lowed by incubation for 1 h at room temperature in a 
moist chamber with biotinylated lectins (Vector Labora- 
tories, Burlingame, CA) or with PBS to determine the 
reactivity of the different chemicals used. After being 
washed, sections were incubated with avidin-biotin- 
horseradish peroxidase complex (ABC kit, Dakopatts, 
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Glostrup, Denmark) followed by aminoethylcarbazole as 
the substrate (AEC kit, Dakopatts). After counterstain- 
ing with Mayer's hematoxylin, specimens were mounted 
with mounting medium (Ortho Diagnostic System) and 
observed by light microscope. The results were over- 
viewed by two different researchers. 

Histologic staining with gliadin and biotinylated protein 
digests. Crude gliadin was dissolved in 0.05 M Tris (pH 
8.5) with 2 M urea at a concentration of 12 mg/mL. The 
formalin-fixed sections were covered with goat normal 
serum (diluted 1 5 )  for 20 min for reduction of nonspecific 
staining. Sections were incubated with gliadin for 1 h, 
and, after washing them in PBS, specimens were incu- 
bated at 4°C overnight with antigliadin rabbit antibodies 
(working dilution 1:2000). Sections were washed twice in 
PBS and reacted with biotinylated goat-to-rabbit IgG and 
with avidin-biotin-horseradish peroxidase complex. Sec- 
tions were mounted and viewed as described above. 
Additional specimens were treated the same way with 
BSA dissolved in the same buffer as gliadin but without 
gliadin incubation or with gliadin but without the specific 
primary antigliadin antibody (negative controls). 

To investigate the possible role of urea in modifying 
tissue properties and thus the binding patterns of different 
lectins, we solubilized lectins as they were used in gliadin 
experiments in similar amounts of urea (2 M). 

For biotinylated protein digests, jejunal specimens were 
incubated, after pretreatment, according to the lectin histo- 
chemistry for 1 h with biotinylated FF I11 and CA I11 at con- 
centrations of 4 mg/mL and 1 mg/mL for paraffin and frozen 
sections, respectively. Sections were washed, then stained 
for peroxidase activity as described above and viewed. 

Zmmunohistochemical staining with anti-human ZgA, ZgG, 
and ZgM antibodies. Formalin-fixed specimens from CD 
patients and healthy controls were incubated after pretreat- 
ment with biotinylated goat anti-human IgA, IgM, and IgG 
antibodies (concentration: 7.2-10 mg/mL) for 1 h, washed 
with PBS, and processed as described before. 

Competition studies with gliadin, lectins, and biotinylated 
protein digests. For competition studies using paraffin sec- 
tions, gliadin, lectins, and F F  I11 or CA I11 were coincu- 
bated with monosaccharides (0.1 M solutions) and the 
oligosaccharide mannan (3 mg/mL) for 1 h at room tem- 
perature. Monosaccharides used were glcNAc, gal, rham- 
nose, arabinose, fucose, or lactose as indicated in Table 1. 

Additional control experiments were carried out to 
prove the specificity of the other experiments: Specimens 
of the diverse types of jejunal mucosa were preincubated 
for 1 h with unconjugated FF I11 (12 mg/mL) before the 
incubation with gliadin to test cross-reactions of gliadin 
and its digest. Tissues were incubated after BSA treat- 
ment with unconjugated F F  111, CA I11 (3 mg/mL PBS), 
or gliadin (12 mg/mL in 2 M urea in 0.05 M Tris, pH 8.5) 
for 1 h. After being washed in PBS for 10 min, they were 
incubated with biotinylated F F  I11 (3 mg/mL). The spec- 
imens were then processed as described before. 

All reagents used, if not noted elsewhere, were from 
Sigma, Milano, Italy. 

Table 1. Lectin studied, their sugar specificities, and tested 
inhibiting and nonspeciJic carbohydrates* 

Carbohydrates Inhibition Nonspecific 
Lectins specificity sugars sugars 

WGA D-glcNAc/glc GlcNAc Gal 
SBA D-galNAc/gal Gal Rham 
SJA b-D-galNAc/gal Gal Ara 
BSL 1 a-D-galNAc/gal Gal Fuc 
PHA-E D-galNAc/gal Gal Rham 
PHA-L D-galNAc/gal Gal Rham 
Con A a-D-man, a-D-glc Mannan Ara 
PS A a-D-man, a-D-glc Mannan Lac 
LC A a-D-man, a-D-glc Mannan Fuc 
Gliadin, F F  111, Mannan, glcNAc, 

CA 111 gal, ara, rham 

* Rham, rhamnose; ara, arabinose; fuc, fucose; lac, lactose; man, 
mannose. 

RESULTS 

The binding of lectins to specimens from CD patients and 
controls. The jejunal mucosa from children with active 
CD, children with CD in remission, children with CMPA, 
and normal, healthy children revealed a characteristic 
binding pattern reflecting the different lectins tested. The 
composite results are presented in Table 2. No differ- 
ences were observed in lectin binding patterns using 
either paraffin or frozen sections of specimens. The sec- 
tions incubated only with PBS instead of lectins did not 
show any reactivity. 

GalNAcJgal lectins (SBA, SJA, and BSL 1) stained the 
brush border on the mucosa of CD patients (Fig. 1). No 
binding was observed in the jejunum of mucosa from 
control subjects, CD patients in remission, and children 
with CMPA. PHA-E and PHA-L lectins displayed a 
pattern remarkably different from those of other galNAcJ 
gal lectins by binding to the mucosa of healthy children, 
CD patients in remission, patients with active CD (Fig. 
2), and children with CMPA. The brush border and the 
luminal surface of the crypt cells in the mucosa of healthy 
children, children with CMPA, and children treated for 
CD were strongly reactive. In contrast, no reaction was 
shown on the luminal surface of the mucosa from chil- 
dren with active disease. PHA-L and PHA-E also 
showed sporadic binding to goblet cells and to mucus on 
tissue from healthy children and patients with active CD. 

The glcNAcJglc lectin (WGA) demonstrated the same 
reactivity as the galNAcIga1 lectins, SBA, SJA, and BSL 
1, on the brush border from mucosa of children with 
active CD. This characteristic staining was not evident on 
mucosa of CD patients in remission, and only a weak 
reaction could be recorded on the epithelial surface of 
mucosa from the control groups. 

In contrast to the results with other lectins, no prefer- 
ential staining of the luminal surface of mucosa from 
normal children, children with CMPA, or CD patients 
was observed using mannoselglc-specific lectins (LCA, 
PSA, and Con A). LCA stained goblet cells and mucus in 
normal specimens and in specimens from CD patients 
with total villous atrophy. In specimens from CD patients 
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Table 2. Lectin and gliadin binding in jejunal specimens* 

Sugar Brush Cytoplasm of Cytoplasm Goblet 
Fraction specificity Patient border epithelial surface crypt cells cells 

BSL, SJA, SBA GalNAc CD + - - - 
CDR - - - - 
H - - - - 
CMPA - - - 

PHA-L and -E GalNAc CD - - - + 
CDR + - - - 
H + - - + 
CMPA + - - - 

WGA GlcNAc CD + - - - 
CDR - - - - 
H +I- - - - 
CMPA +/- - - - 

PS A Man/glu CD - - - - 

CDR - - - - 
H - - - + 
CMP A - - - - 

LC A Man/glc CD - - - + 
CDR - - - - 
H - - - + 
CMP A - - - - 

Con A Manlglc CD - + - - 
CDR - + - - 
H - + - - 
CMPA - + - - 

Gliadin CD - - + - 
CDR - - - - 
H - - - - 
CMPA - - - - 

FF 111 CD + + + + 
CDR - + - - 
H - + - - 
CMPA - - - - 

CA I11 CD +/- +/- +/- +/- 
CDR - +/- - - 
H - +/- - - 
CMPA - - - - 

* CDR, CD in remission; H, healthy controls; man, mannose. t, Reactivity; +/-, weak or sporadic reactivity; -, no reactivity. 

in remission, a strong reactivity of the basal membrane of a few enterocytes located on the epithelial surface in 
was observed. PSA stained the basal membrane and the same manner in all four investigated groups (Fig. 3). 
goblet cells of sections from healthy children. Con A No reaction was seen in any crypt cells. 
stained with different intensity cytoplasmatic structures Binding of gliadin and FF 111 to specimensfiom CD pa- 

tients and controks. Gliadin did not show any reaction to 
jejunal sections from either control subjects, children with -- 

Figure 1. Staining of mucosa from an untreated CD patient with gal- 
NAc lectin. The galNAcIgal-specific lectins BSL, SJA, and SBA 
stained the brush border of the flat mucosa of CD patients. WGA, the Figure 2. Staining of rnucosa from a control patient with PHA-E. 
glcNAcIglc-specific lectin, displayed the same reactivity as the galNAc- PHA-E and PHA-L showed sporadic binding to goblet cells and mucus 
specific lectins ( 2 0 0 ~ ) .  on tissue from children with active CD ( 2 0 0 ~ ) .  
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-, similarly, the use of urea in dissolving gliadin might not 
affect our data. 

Competition studies for lectins and gliadin by specijic 
sugars. The binding reaction of all tested specific lectins 
was inhibited by the presence of competing carbohy- ".. 1 

? .;=+; .. 
drates but not by nonspecific sugars in all four groups. 

" .  . A  - 
.- , ' , The staining of the cytoplasm by gliadin, F F  111, or CA 

x, : - ---** ' 8 . .  - .- .-I ,. ' 

.---; -.!+. . .- - - . .  .. . - . . - ' I11 was not influenced by monosaccharides or oligosac- 
La&.-- ' &? * ,* , -.2.', -. 
* . - , * , - charides- - -  a w.. , .- 

- - The preincubation of the specimens with F F  I11 before 

4% applying gliadin did not show any effect on the reactivity 
+ of gliadin. Similarly, preincubation with gliadin did not 

I 

, be$, - *,.&, 
C. . - .. inhibit the F F  I11 staining reaction. Unconjugated F F  I11 

srq*= * . 
G -I . . , 

alone could inhibit the binding of biotinylated F F  I11 to 
the mucosa. 

Figure 3. Con A staining of enterocytes from healthy controls. Con A ~ ~ ~ ~ ~ h i ~ t ~ ~ h ~ ~ i ~ t , . , ,  I@, I@, and 
stained cytoplasmatic structures of enterocytes located on the tip of villi 
in the two control groups, CD patients in remission, and enterocytes of 

IgM antibodies. As controls, specimens from CD patients 

the flat CD mucosa ( 8 0 0 ~ ) .  and healthy children were incubated with anti-human 
IgA, IgM, and IgG antibodies to evaluate whether the 
observed gliadin binding was due to endogenous anti- 

CMPA, or CD patients in remission. In contrast, gliadin 
gliadin-specific Ig. We noticed in tissues from patients 

binding was observed only inside the cytoplasm of epithe- with active CD a higher ratio of IgG-, IgA-, and IgM- 
lial cells in the crypts of tissue from children with active producing B cells. Particulary IgA-bearing lymphocytes 
CD (Fig- 4). The incubation of the jejunal CD mucosa in and, less pronouncedly, IgM-bearing lymphocytes were 
urea-solubilized BSA did not reveal any reaction, ruling distinguished in higher concentration in the upper part of 
out an unspecific staining of the cytoplasm by gliadin. the lamina propria (Fig. 5). The tissue of CD patients in 

F F  I11 stained throughout the structures (epithelial and remission, although still showing a higher ratio of IgG-, 
nonepithelial) of the flat CD mucosa. In CD patients in IgA-, and IgM-producing plasma cells in contrast to nor- 
remission and healthy controls, we noted binding of F F  ma1 children, was characterized by a typical distribution 
I11 in the cytoplasm only in those enterocytes located on pattern of B cells sparing the lamina propria of the tip of 
the villous surface. The binding patterns observed for F F  the villi. 
I11 were always similar to those of CA 111, although the 
latter displays a less intensive staining in the cytoplasm of 
CD in remission. The F F  I11 binding was never inhibited 

DISCUSSION 

by CA 111. Lectins interact with cell surface carbohydrates in a 
Gliadin and its peptic-tryptic digest did not bind to the way that distinguishes them from other carbohydrate- 

mucosa of patients with CMPA. binding proteins, which include carbohydrate-specific an- 
Because the solubilization of lectins in urea or PBS did tibodies, enzymes, and hormones. Their binding to ex- 

not affect their binding patterns, we must conclude that, posed complementary sugar sites on the cell surface is 
not significantly influenced by side interactions (16). Lec- 

Figure 4. Gliadin staining of crypt enterocytes from active CD pa- 
tients. The staining reaction in the cytoplasm of enterocytes within Figure 5. IgA-producingB lymphocytes in the mucosaof patients with 
crypt cells of jejunal mucosa from children with active CD was unique active CD. The lamina propria of the flat mucosa of CD patients 
for gliadin ( 4 0 0 ~ ) .  displayed an increased number of IgA-producing plasma cells (800~) .  
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tins can cause different biologic effects in vitro such as 
precipitation of polysaccharides; agglutination of eryth- 
rocytes, bacteria, and tumor cells; and lymphocyte trans- 
formation (17). In the animal model, gold-conjugated Con 
A administered directly into the jejunum will result in the 
disruption of mucosal integrity as indicated by an in- 
creased permeability and uptake by both villous and 
crypt cells identifying specific glycoprotein receptors in 
the neonatal microvillus membrane (18). The uptake is 
thought to occur by receptor-mediated endocytosis (19). 
WGA- and Con A-induced changes in small-intestinal 
enterocytes can be prevented by the addition of compet- 
ing sugars, glcNAc and mannan, respectively, leading to 
the conclusion that alterations were produced by a cell 
surface receptor-lectin interaction rather than by a pri- 
mary intracellular effect (20). One pathogenic hypothesis 
suggests that gluten could bind to altered and incomplete 
exposed cell surface membrane glycoproteins and act as 
a toxic lectin, leading to structural changes of the intes- 
tinal mucosa (7). In the animal model, however, it seems 
likely that the binding of gliadin to the luminal surface is 
a nonspecific event (21). 

Although reports indicative of a putative gliadin recep- 
tor on peripheral lymphocytes have been published, the 
proof of the presence of an epithelial receptor in the small 
intestine remains elusive (22, 23). 

Changes in intestinal surface carbohydrates are recog- 
nized to occur during processes of maturation or abnor- 
mal differentiation of epithelial cells in the small- 
intestinal epithelium. The addition and rearrangement of 
glycoprotein carbohydrate side chains is regulated by 
different glycosyltransferase enzymes whose activity has 
been shown to be strictly related to the cell maturity and 
state of differentiation. It was thought that gluten-induced 
epithelial cell death and increased cell turnover is fol- 
lowed by incomplete cell maturation in the small intestine 
of patients with CD, thereby generating an augmentation 
of gluten binding sites and exacerbating the offensive 
effects of gliadin and probably lectins (24-27). 

In our experiments, three sugar-specific categories of 
lectins were assessed for binding to the mucosa in pa- 
tients with active CD, patients with CD in remission, 
children with CMPA, and healthy controls. Each of the 
lectin groups, mannoselglc (Con A, PSA, and LCA), 
galNAcIgal (SBA, SJA, BSL 1, PHA-E, and PHA-L), 
and glcNAc1glc (WGA), displayed a distinct and unique 
binding pattern to normal and diseased mucosa. The 
galNAcIga1- and glcNAc1glc-specific lectins had a similar 
pattern on the mucosa, binding to the brush border of the 
jejunal mucosa from children with active CD, except for 
PHA-E and PHA-L, which bound to the mucosa from 
healthy children, children with CMPA, and children with 
CD in remission. The most intriguing staining patterns 
are those of Con A. It has been published that this lectin 
at a higher local instillation rate in vivo in postclosure 
guinea pigs is able to increase not only gastrointestinal 
permeability by disruption of the mucosal integrity but 
also the crypt cell production rate and finally provoke a 

dispersal of the lectin throughout the cytoplasm of both 
villous and crypt epithelial cells (18, 19). Similarly, our 
experiments showed an augmentation of the permeability 
through microvillus membranes into the cellular cyto- 
plasm in vitro more or less in all four investigated mucosa 
groups. The glcNAc1glc-specific lectin WGA showed the 
same reactivity as the galNAcIga1-specific lectins. Be- 
cause lectins can have differential binding specificities, 
the binding to complex carbohydrates of glycoproteins 
may be very different from the binding specificity to 
purified monosaccharides (28). PSA and LCA showed a 
high affinity just to goblet cells and mucus. Although the 
lectin binding sites are mostly localized at the luminal cell 
membrane, the binding of gliadin was localized to intra- 
cellular areas and was unique to active CD mucosa. More 
importantly, mucosa of CD patients in remission did not 
show any reaction with gliadin. These results are in 
agreement with data from organ culture, where the CD 
control mucosa in remission showed no signs of impair- 
ment after gluten exposure in vitro (29). The gliadin 
digest, F F  111, displays (probably in relation to the enzy- 
matic cleavage) a specific cytoplasmatic staining behav- 
ior, reacting solely in healthy enterocytes (children with 
CD in remission and healthy controls) but not accumu- 
lating or binding in a specific manner to cytoplasmatic 
structures in highly damaged cells as in those of children 
with active CD and CMPA. 

Our results suggest that the reactivity of gliadin is not 
related to a specific inborn abnormality of a putative 
receptor. Furthermore, we speculate that the presence of 
new galNAc and glcNAc target sites on the luminal 
surface may exacerbate the disease by allowing lectin- 
associated insults to the mucosal integrity. Along similar 
lines, Falchuk et al. (30) suggested that gluten peptides 
are not directly toxic to epithelial cells of celiac mucosa 
but require the activation of an endogenous effector that 
is diffusible through the culture medium. The effector 
induces the dedifferentiation of enterocytes of intestinal 
mucosa to a stage that is more susceptible to direct toxic 
effects of gliadin peptides (30,31). These unknown effects 
are probably related to the cellular and humoral immu- 
nity. Thus, CD could be regarded as a disorder initiated 
in genetically predisposed individuals by an undefined 
trigger in which the immune response, perpetuated by 
ingested gluten, leads to organ-specific tissue damage 
(32, 33). Increased numbers of IgA- and IgM-secreting 
plasma cells in the lamina propria of the mucosa of CD 
patients compared with healthy children and the return to 
normal features with treatment are indicative of an im- 
munity-associated disease (34). Similarly, the intraepi- 
thelial infiltration of CD8+ T lymphocytes and the in- 
creased proportion of CD3+ T cells expressing the y16- 
receptor in CD patients suggest that the tissue damage 
occurs as a consequence of the immune response (35,36). 

In conclusion, we postulate based on our observations 
that the adverse effects of gliadin on celiac epithelial cells 
occur after an unknown initial event, perhaps affecting 
their state of differentiation in association with the immu- 
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nity, which acts to render the celiac mucosa susceptible to 7. Weiser MM, Douglas AP 1976 An alternative mechanism for gluten toxicity in 
coeliac disease. Lancet 13567-569 gliadin elements- A adenovirus l2 has 8. Rubin W, Fauci AS, Sleisenger MH, Jeffries GH 1965 Immunofluorescent 

been invoked to initiate the events by triggering the im- studies in adult celiac disease. J Clin Invest 44:475485 
9. Douglas AP 1976 The binding of a glycopeptide component of wheat gluten to 

mune response to the normally tolerated &adin (37)- This intestinal mucosa of normal and coeliac human subjects. Clin Chim Acta 
subtle but dramatic alteration in cellular components is 73~357-361 

10. Auricchio S, De Ritis G, De Vincenzi M, Silano V 1985 Toxicity mechanisms 
verified by gliadin binding only in CD patients and not in of wheat and other cereals in celiac disease and related enteropathies. J 
patients in remission or in damaged mucosa from children Pediatr Gastroenterol Nut1 4:923-930 

11. Auricchio S, De Ritis G, De Vincenzi M, Magazzu G, Maiuri L, Mancini E, 
with CMPA- To restate the premise, it seems logica1 that if Minetti M, Saoora 0, Silano V 1990 Mannan and olieomers of N-acetvlelu- . . - - .+ 

enterocytes o f  CD patients in remission contain a putative cosamine protect intestinal mucosa of celiac patients with active disease from 
in vitro toxicity of gliadin peptides. Gastroenterology 99:973-978 

&adin receptor it is that gliadin should bind 12. Auricchio S, De Ritis G, De Vincenzi M, Latte F, Maiuri L, Pino A, Raia V, 
significantly. NO gliadin binding was observed. Silano V 1987 Prevention by mannan and other sugars of in vitro damage of rat 

fetal small intestine induced by cereal prolamin peptides toxic for human 
Conversely, lectins showed differential binding in all celiac intestine. Pediatr Res 22:703-707 

f o u r  tissue groups. Furthermore, no common lectin- 13. Colyer J, Kumar PJ, Waldron NM, Clark ML, Farthing MJG 1987 Gliadin 
binding to rat and human enterocytes. Clin Sci 72593-598 binding properties were &served f o r  tissues o f  CD pa- 14. Kolberg J, Sollid L 1985 Lectin activity of gluten identified as wheat germ 

tients or children with CD in remission. In short, we agglutinin. Biochem Biophys Res Commun 1302367-872 
15. Rawcliffe PM, Priddle JD, Jewell DP 1985 Coeliac disease: possible mannose- believe that the role of lectins as the principle agent of the specific lectin activity of gluten. Clin Sci 69:11 

disease is questionable because they exhibit their own 16. Goldstein IJ, Hayes C E  1978 The lectins: carbohydrate-binding proteins of 
plants and animals. In: Tipson RS, Horton D (eds) Advances in Carbohydrate specific reactions7 which could in all o f  them (Con A Chemistry and Biochemistry. Academic Press, New York, pp 127-340 

included) be inhibited in competition studies by their 17. Lis H, Sharon N 1973 The biochemistry of plant lectins (phytohemaggluti- 
nins). Annu Rev Biochem 42541-575 specific sugars. In the literature, WGA has been sus- 18. Weaver LT. Bailev DS 1987 Effect of the lectin concanavalin A on the 

pected to contaminate pure gliadin preparation and con- 
sequently influence the behavior of gliadin on the CD 
mucosa (14); from our data, it is evident that gliadin and 
the lectin WGA have different activities. Furthermore, 
there is no evidence from the mucosal binding behavior 
of gliadin to confirm that this glycoprotein works in a 
lectin-like manner (38). 

The two distinct clinical pictures of CMPA and CD also 
show on a cellular basis different and specific binding 
abilities, inasmuch as we could demonstrate that mucosa 
damaged by CMPA is not prone to exhibit staining pat- 
terns similar to those of enterocytes from active CD after 
incubation with lectins and gliadin. 

After almost 30 y of intensive research on the patho- 
genesis of CD focusing on the clandestine effect of gliadin 
and lectins, based on our data we can state that the 
wheat-derived antigens of gluten have a non-lectin-like 
presentation to the enterocytes and intestinal mucosal 
immune system. 
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