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Abstract The etiology and pathogenesis of celiac disease remains obscure but remains the focus of intense
research investigation. It is generally believed to be an immune-mediated small intestinal mucosal disorder that can
cause diarrhea, impaired nutrient assimilation and weight loss. A key component in this process occurs at the
intestinal epithelial cell surface that is closely associated with the luminal intestinal microbiome. Here, epithelial
membrane glycoproteins and glycolipids are present along with adsorbed molecules that permit interaction with the
intestinal microbiome. In recent years, use of specific sugar residue seeking proteins, lectins, that can be found in the
diet have been employed topographically to map the small intestinal cell surface and goblet cell secretory mucins to
further elucidate the structure and function of this tissue. Evidence has accumulated to indicate that this
microenvironment may be critically important in further understanding the etiology and pathogenesis of celiac
disease and other sprue-like intestinal disorders.
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1. Overview of Lectins

Lectins are naturally occurring proteins or glycoproteins
that are ubiquitous and largely derived from plants. They
are often found in foods, including common items like
peas, beans, potatoes, soybeans, tomatoes and wheat germ.
Lectins have been shown to have multiple effects. At least
some lectins are known to be potent biological agents that
bind to specific sugar residues along the length of the
intestinal tract, cause agglutination of fetal and neoplastic
cells, inhibit in vivo and in vitro tumor growth and
stimulate lymphocyte proliferation [1]. The precise role of
lectins in nature is still not completely clear, but these
proteins serve in biological recognition and mediate
attachment and binding of bacteria and viruses to intended
targets. Some lectins may serve a beneficial role while
others, like ricin, may serve as potent toxins, even utilized
by terrorists. In the past, the sugar specificity of lectins has
been useful in the analysis of blood types as well as
transfer of traits in genetic engineering of crops to
promote resistance to pests and herbicides.

2. Transit in the Intestinal Tract

Their presence in food has resulted in studies of the
disposition of lectins within the human intestine. During
mastication in the oral cavity, and later, during digestion,

lectins may be released from food and remain intact
during passage as far as the distal small intestine [2].
Information on their role in the digestive process, however,
is largely unknown and their effect on the assimilation of
both micro- and macro-nutrients is limited.

3. Lectin Effects on Nutrient and Drug
Absorption

The rate of absorption of carbohydrate from the intestinal
lumen may be altered by the presence of different foods,
including vegetable proteins, fats, fibre and so-called
“anti-nutrients”, specifically, phytates and lectins [3]. A
recent review [4] outlined the potential anti-nutritive and
even toxic effects of plant lectins, largely related to their
ability to bind to specific carbohydrates on membrane
glycoproteins and glycolipids integral to the luminal cell
surface border of intestinal epithelial cells as well as their
ability to survive digestive processes in the gastrointestinal
tract. Turnover of epithelial cells may be affected by luminal
lectin activities causing impaired nutrient digestion and
absorption, changes in luminal bacterial flora and the
intestinal immune state. At high intakes, lectins may have
significant effects on normal growth and the health of
different animal species. Interestingly, recent reports note
that specific lectins may mediate muco-adhesion,
cyto-adhesion and cyto-invasion of some orally consumed
drugs and other therapeutic agents. Future investigative
studies may potentially lead to improved drug absorption
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strategies and bioavailability of several drugs, peptides
and proteins that are normally poorly absorbed [5].

3.1. Sugar Specificity of Lectins in the Small
Intestine

These proteins exhibit in vivo and in vitro specificity
for specific sugar residues. Table 1 shows some examples
along with the specific binding inhibitor molecule(s) [6,7].
In the intestinal tract, a number of studies have shown
that lectins, if labeled with flourescein or peroxidase, may
be used to histochemically “map” the topography of
mammalian, including human, intestine in different
conditions or diseases, including celiac disease [7].
In this setting, lectins are thought to largely bind to
glycoprotein and glycolipid molecules integral or attached
to the epithelial cell membranes as well as to mucus
glycoproteins found in goblet cells (Figure 1). Not shown
in this schematic figure, but also critically important, are
adsorbed carbohydrate containing molecules that may
have been sourced from elsewhere in the intestinal tract or
include components from ingested food and other
luminally-digested  proteins, including intra-luminal
bacteria, namely the intestinal luminal microbiome [8].
Prior studies have demonstrated sharp contrasts in the

including the normal small bowel and colon [6,7]. Some
of these binding patterns using fluorescein-labeled lectins
are shown in Figure 2 and Figure 3 for the small intestine,
specifically duodenum, and Figure 4 for a small intestinal
vascular structure. As shown, specific patterns of labeling
occur with different lectins, possibly reflecting the
presence of different intestinal cell molecular structures
and/or differences in the microbiome. Figure 2a shows the
villus structure of mammalian small intestine with bright
goblet cell and epithelial cell surface labeling after
application of wheat germ agglutinin. A similar pattern,
shown in Figure 2b, is evident with the same lectin for the
crypt region. Interestingly, in the crypts, Paneth cells can
be easily distinguished from other epithelial cell types
in the crypt bases. In contrast, Figure 3a shows a
different lectin, ricin, binding in the villus region with
predominately cell surface staining and an absence of
goblet cell mucus staining. Figure 3b has a similar binding
pattern for ricin with distinct cell surface staining while
goblet cell mucus staining is not evident. Of interest,
Figure 4 shows the staining pattern for a single vascular
structure in the small intestinal mesentery suggesting that
future investigative studies may not necessarily be limited
to the intestinal luminal surface. Most distinctive is the
elastic layer in the muscle wall, and, both intravascular red

patterns of binding in different intestinal regions,  cells and white cells are also present.
Table 1. Carbohydrate specificity for some lectins
Lectin Plant Origin Major Sugar Specificities* Binding Inhibitor*#

Wheat germ (WGA)
Castor bean (RCAL)

Triticum vulgare (GIcNAc)n; NeuNAc GIcNACc
Ricinus communis Gal Gal

Gorse (UEA1L) Ulex europeus L-Fuc L-Fuc
Horsegram (DBA) Dolichos biflorus GalNAc GalNAc
Jackbean (ConA) Canavalia ensiformis Man; Glc MM
Peanut (PNA) Arachis hypogea Gal-GaNAc>Gal Gal

*L-Fuc, alpha-L-fucose; MM, alpha-methyl-mannoside; GalNAc, N-acetyl-galactosamine; Glc, glucose; GIcNAc, N-acetylglucosamine; Man, mannose;
NeuNAc,N-acetyl-neuraminic acid (sialic acid). All sugars are beta-D configuration unless otherwise stated. #To inhibit lectin binding, sugars used at
0.2M except for PNA binding which requires 0.3M [6,7].

Table 2. Semi-quantitative Lectin Luminal Surface Labeling

Lectin Controls [ICeliacs

Crypt Base Crypt Apex Villus Crypt Base Crypt Apex
WGA 0.2+0.1 1.8+0.6 2.7+0.4* 1.8+0.2 3.8+0.1*
RCA1 2.0+0.4 3.0+0.3 3.0+0.3* 1.6+0.2 2.3+0.2*
UEA1 1.3+0.4 1.5+0.5 2.0+0.5* 3.5+0.5. 3.6+0.3
DBA 0.24+0.2 0.5+0.3 0.8+0.4 0.4+0.2 0.9+40.3
ConA 0.2+0.2 1.6+0.4 2.4+0.3* 0.1+0.1 1.6+0.2*

Range of observations of fluorescence intensity from 0 to 4 with Mean+SEM for control (n=6) and celiac (n=6) biopsies as per Reference 6. For PNA,
consistent labeling not present. *P<0.05 compared to crypt base.
Table modified from Reference [7].

Table 3. Semi-quantitative Goblet Cell Labeling

Lectin Controls Celiacs

Crypt Base Crypt Apex Villus Crypt Base Crypt Apex
WGA 0.2+0.1 1.7+0.4 2.7+0.3* 1.1+0.2 3.6+0.2*
RCA1 0.5+0.3 2.7+0.3* 2.7+0.3* 0.2+0.1 3.3+0.1*
UEAL 0.3+0.2 1.5+0.4* 1.5+0.4* 1.1+0.3 2.7+0.3
DBA 0.2+0.2 1.5+0.5 1.5+0.5 1.1+0.2 0.8+0.2
ConA 0.2+0.2 0.4+0.2 0.4+0.2 0.1+0.1 1.3+0.4*

Range of observations of fluorescence intensity from 0 to 4 with Mean+SEM for control (n=6) and celiac (n=6) biopsies as per Reference 6. For PNA,
consistent labeling not present. *P<0.05 compared to crypt base.
Table modified from Reference [7].
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Figure 1. Schematic representation of intestinal epithelial cell surface
showing carbohydrate containing molecules including glycolipids and
glycoproteins, some passing through the bilayer membrane as
transmembrane proteins. The carbohydrate or sugar residues are oriented
towards the lumen of the intestine. Not shown are similar structures that

adsorb or adhere to the epithelial cell surface. These may be intrinsic to Figure 2a. Normal small intestinal villus showing cell surface and
the underlying intestinal cell or extrinsic from the diet, luminal bacteria goblet cell carbohydrate-containing material labeled with fluorescein-
or other sloughed proteins conjugated wheat germ agglutinin (WGA)

Figure 2b. Normal small intestinal crypt region also labeled with fluorescein-conjugated WGA. Paneth cells are also observed at the base of the crypts

Figure 3a. Normal small intestinal villus labeled with fluorescein-conjugated ricin communis (RCAL). The pattern of labeling is distinct from WGA
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Figure 3b. Normal small intestinal crypt region also labeled with RCAL.
Note distinct pattern of labeling with binding to cell surface but not the
goblet cells

Figure 4. Cross-section of mesenteric blood vessel showing lectin
labelled vessel along with intravascular hematologic elements

3.2. Celiac Disease and the Lectin Hypothesis

Similar lectin methods have been applied in celiac
disease. Celiac disease is an immune-mediated small
intestinal disorder that improves with restriction of dietary
gluten. The disorder is characterized by impaired nutrient
absorption, malnutrition and weight loss. The precise
cause of celiac disease is unknown although it appears that
predisposition to the disease is genetically-based. Possible
mechanisms leading to the characteristic histopathological
lesion still require elucidation.

Interestingly, wheat germ agglutinin, a lectin with sugar
specificity for N-acetyl-D-glucosamine, also can be

detected in commercial preparations of gluten powder and
antibodies to wheat germ agglutinin have been reported in
celiac disease [9]. In the past, it was hypothesized that
gluten may cause innate cell toxicity by acting as a lectin
binding agent to defective brush border membrane
glycoproteins [10]. Moreover, lectin activity identified as
wheat germ was reported in gluten [11]. Similarly, serum
antibodies to wheat germ agglutinin and gluten were
reported in dermatitis herpetiformis, a skin disorder closely
linked to celiac disease [12]. A similar lectin hypothesis
was also suggested for soy protein intolerance that was thought
to cause a clinically and histologically indistinguishable
picture to untreated celiac disease [13]. Although interesting,
these observations have not been considered sufficient to
provide definitive evidence of a relationship, if any,
that the lectin hypothesis may contribute to improved
understanding of the cause of celiac disease. However,
this and other novel methods utilizing lectins may be
helpful in pursuing some aspects of the pathogenesis of
the disorder, especially since lectins do have the ability to
mark specific individual sugar residues in or attached to
the surface structures of the epithelial cells in different
stages of differentiation. Using specific lectins, marked
differences in the intensity and patterns of binding were
noted in both control and celiac disease biopsies [7],
particularly along the crypt-to-villus column, reflecting
the increasing epithelial cell differentiation. These
changes were observed in control adult normal biopsies
from the crypt epithelial cell surface compared to the
villus epithelial cell surface. This appears to be consistent
with the concept that epithelial cells migrate from the
crypt to villus region as enterocyte differentiation proceeds
and increasing epithelial cell maturation occurs. During
this migration, sugar residues appear to be sequentially
added to partially completed oligosaccharide structures to
form fully completed oligosaccharide side chains.

Most intriguing, there were also changes along the
crypt epithelial cell surface in celiac biopsies from adult
small intestine. Although it is believed that in celiac
disease, crypt cells are less well differentiated epithelial
cells, the crypt epithelial cell surface also appears to
undergo a differentiation process in both control and
celiac biopsies. While this differentiation process may
differ quantitatively and/or qualitatively from normal
epithelial cells, crypt cells in celiac disease also appear to
be able to sequentially add sugar residues in developing
cells as these migrate from the base of the crypts to
the small intestinal lumen. This altered pattern of labeling
with lectins in celiac disease may not be specific for celiac
disease per se but might result from any form of injury or
toxicity that alters the structure of the small intestine [14].
Similar labeling changes have also been reported by
others [15]. Perhaps, the specificity of these changes could
be explored in future in other “sprue-like” disorders
that may cause a similar histopathologic appearance
(eg., olmesartan enteropathy) [16,17]. Biopsies from
children with celiac disease have also been compared to
controls including post-enteritis syndrome [18,19,20].

Even with this lectin binding data, the pathogenesis of
celiac disease remains elusive. Presumably, in genetically-
predisposed persons, gluten (or perhaps, one of its
components) initiates a toxic reaction by binding to
intestinal surface structures. Older studies hypothesized
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that a deficiency of intestinal peptidase activity caused toxic
gluten degradation products to bind to intestinal surface
structures followed by immunoregulatory pathomechanisms
that might damage the intestinal mucosa. Alternatively, a
change induced in the microbiome might result in similar
effects [21].

Finally, other cells, including intestinal stem cells [22]
and Paneth cells (including their alpha-defensins), if
altered by lectin binding activities, may provide a key role
in linking the microbiome with celiac disease [23].
Previously, several investigators [24,25,26] hypothesized
that gluten acts as a lectin, binding to specific
oligosaccharide structures of the intestinal epithelial cell
surface and causing cell toxicity, but this hypothesis has
been considered to be controversial [20,27]. Some recent
evidence has accumulated to show that gliadin and gluten
peptides may behave like lectins with the ability to bind to
high mannose-type glycoproteins in human serum as well
as immature crypt cells in rat intestine [24,25]. Gliadin
peptides from wheat may reversibly agglutinate poorly
differentiated human K562(S) cells. This binding and
agglutinating activity was apparently inhibited by mannan,
a mannose polysaccharide and N-acetyl-glucosamine [28].
Also, mannan and N-acetyl-glucosamine oligomers were
reported to exhibit protective effects to gliadin in vitro
using cultured small intestinal biopsies from children with
active celiac disease [29]. Further studies are still needed
to determine if a unique and specific lectin binding event
in celiacs occurs that might provoke a toxic mucosal
reaction. More recently, the role of mannose-binding
lectin has been explored in celiac disease with genotype
analysis. Evidence was accumulated for a higher
frequency of mutant 0/0 in Italian patients with celiac
disease compared to pan-ethnic healthy controls [28].
Subsequently, the same investigative group has provided
further evidence of a correlation with mannose binding
lectin and celiac disease, and possibly, other autoimmune
diseases. As recently noted, mannose-binding lectin status
remains a research tool [29], although replacement therapy

and use in disease prediction may appear in the near future.
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