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Summary. In a glycohistochemical analysis of human 
appendix vermiformis we report the assessment of lectin 
binding in cells of the Gut Associated Lymphoid Tissue 
of normal samples and in acute appendicitis using a 
panel of plant, invertebrate and mammalian lectins with 
specificity for a-L-Fuc (UEA-I), a-D-Gluc and a-D- 
Man (Con A), a-D-GalNAc (DBA), GalNAc (SBA, 
HPA), B-Gal (RCA-I, 14 kDa=galectin-l) and a-, B-Gal 
(VAA). Moreover, we initiate the study of expression of 
carbohydrate-binding sites in this tissue and in colonic 
mucosa, employing several types of carrier-immobilized 
carbohydrate ligands as suitable probes for this purpose. 

Within the three populations of macrophages intra- 
lsubepithelial macrophages of the dome region, the 
lamina propria of the intercryptal region and the follicle- 
associated epithelium were apparently reactive with 
most of the lectins and also with mannose and fucose 
residues of the tested neoglycoproteins. Distinguishing 
features of germinal center macrophages in relation to 
intra-/subepithelia1 phagocytes were the lack of binding 
of UEA-I and DBA. In comparison to all other types of 
phagocytes, macrophages of the T-region displayed a 
rather restricted binding capacity only to Con A and 
RCA-I. Labeling of macrophages with SBA, HPA and 
VAA in this location was only rarely found. With respect 
to dendritic cells no consistently positive reaction was 
seen for follicular cells, whereas interdigitating cells of 
the T-region bound Con A, HPA and RCA-I, and, less 
frequently, SBA. 

Lymphocytes in all anatomical subsites of the Gut 
Associated Lymphoid Tissue, centrocytes, centroblasts 
and plasma cells had binding sites for Con A and RCA-I 
in common. Notably, a small number of lymphocytes 
mostly in the T-region but also in B-cell-rich areas 
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expressed intranuclear binding sites for fucose and 
mannose residues. Intraepithelial lymphocytes and 
lymphatic cells of the T-region differed from lympho- 
cytes in other regions by a more frequent expression of 
VAA-binding sites. 

The epithelium of appendix vermiformis and colonic 
mucosa not only presents lectin binding sites, but also 
has the capacity to bind carbohydrate structures, as 
shown by labeled glycoligand-exposing neoglyco- 
proteins. In normal mucosa the extent of binding 
appeared to be associated with maturation of cells, the 
surface epithelium showing the most intense staining 
reaction. This pattern is not detectable in colonic 
adenoma which reveal increased intensity, when 
compared to normal mucosa. In contrast to development 
of hyperplasia, acute inflammation in appendicitis 
caused no detectable changes of neoglycoprotein 
binding. Taking our previous assessment on lectin 
binding in appendicitis into account, we conclude that 
glycosylation of goblet cell mucus, but not the capacity 
to bind certain sugar epitopes responds to inflammatory 
processes, whereas tumorigenesis of colonic adenoma 
can also affect the binding of neoglycoproteins. 

Key words: Appendix, Appendicitis,  Lectin, 
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Introduction 

Specif ic  organization (assembly) of highly 
differentiated lymphoid and non-lymphoid cells in the 
subregions of human Peyer's patches is a feature of the 
functional peculiarities of the Gut Associated Lymphoid 
Tissue (GALT). Human Peyer's patches occurring in the 
appendix vermiformis are probably functionally and 
morphologically very similar to intestinal Peyer's 
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patches (Spencer et al., 1985). Since Peyer's patches are 
thought to play an important role in the primary immune 
response within the intestine (Kraehenbuhl and Neutra, 
1992), a through investigation of diverse molecular 
aspects of this area is warranted. 

Monitoring the expression of distinct epitopes is a 
prerequisite for  comprehension of the intricate 
relationship between spatial organization and 
function. In this respect,  the assessment of the 
recognitive interplay of the sugar part of accessible 
glycoconjugates with endogenous receptors (lectins) 
is attracting increasing attention (Gabius, 1987a,b, 
1991; Gabius and Gabius, 1993, 1996; Zanetta et al., 
1994). Commonly, plant and invertebrate lectins are 
used to determine whether distinct lectin-reactive 
carbohydrate sequences are present (Danguy et al., 
1994). To go beyond a primarily systematic monitoring 
with tools of non-mammalian origin, it is reasonable to 
extend such a panel by the addition of lectins isolated 
from mammalian tissues, whose specific binding can be 
indicative for presence of a potential interaction system 
in situ (Gabius et al., 1993). Therefore, we have included 
a mammalian galectin (14 kDa) in a selection of 
exogenous agglutinins with specificities to common 
constituents of cellular glycoconjugates. In addition to 
their lectin-dependent visualization the potential ligand 
properties of such epitopes can be conveniently 
monitored, when the respective carbohydrate structures 
are chemically conjugated to a histochemically inert, 
labeled carrier, establishing a neoglycoconjugate (Lee 
and Lee, 1994; Bovin and Gabius, 1995; Danguy et al., 
1995). These tools enable us to determine the expression 
of accessible carbohydrate-binding sites which are not 
negatively affected by the processing of tissue specimen. 
The types of carbohydrate ligands for this study have 
deliberately been chosen to be complementary to the 
specificities of the applied agglutinins to allow 
comparison. 

Previous animal studies have revealed remarkable 
species-specific variations of glycoconjugate expression 
within the gut-associated lymphoepithelial tissues (Clark 
et al., 1993, 1995; Jepson et al., 1995). These glycohisto- 
chemically detected variations can have important 
therapeutic implications in veterinary and human 
medicine, if orally delivered vaccines and drugs are to be 
targeted to specific cells of gut-associated lympho- 
epithelia1 tissue (e.g. M-cells) via their surface 
glycoconjugates (Clark et al., 1995). Therefore, we 
continue the recently initiated glycohistochemical study 
of gut-associated lymphoepithelial tissues in humans 
(Brinck et al., 1995). 

Following the monitoring of normal tissue samples, 
we have analyzed the binding of the panel of neoglyco- 
proteins in appendicitis to address the question as to 
whether inflammatory processes will affect the presence 
of respective binding sites. In line with this aspect we 
have also initiated the analysis of glycoligand-binding 
sites in colonic mucosa and adenoma to reveal, if 
possible, any alterations of the characteristics within the 

process of tumorigenesis. 

Material and methods 

Tissue 

21 appendix specimens (12 cases of normal tissue 
and 9 cases of acute appendicitis) were obtained at the 
time of surgery from patients which had undergone 
treatment due to suspected appendicitis. Normal mucosa 
samples of the sigmoid colon (n=6) and rectum (n=6) 
were obtained endoscopically form patients investigated 
for large bowel diseases, in whom no macroscopical or 
histological colonic lesions had been found. 
Additionally, samples from 6 tubular and 6 tubulo- 
villous adenomas of the colon sigmoideum were derived 
from coloscopic examination. Specimens were fixed in 
3.6% paraformaldehyde for paraplast-embedded 
sections. Histological diagnosis was reached by 
evaluation after conventional hematoxylin and eosin 
staining. 

Lectins 

Biotinylated derivatives of concanavalin A (Con A), 
Ulex Europaeus agglutinin-I (UEA-I), Dolichos biflorus 
agglutinin (DBA), soybean agglutinin (SBA), Helix 
pomatia  agglutinin (HPA) and Ricinus communis 
agglutinin-I (RCA-I) were obtained from Sigma 
(Deisenhofen, FRG). The D-galactoside-specific lectin 
with a molecular weight of 14 kDa from bovine heart 
(14 kDa= galectin-l) and the galactoside-specific lectin 
from mistletoe (Viscum album agglutinin, VAA), 
purified as described in detail elsewhere (Gabius, 1990), 
were biotinylated with biotinyl-N-hydroxysuccinimide 
ester in the presence of lactose to protect the active site 
(Bardosi et al., 1990; Gabius et al., 1992). 

Neoglycoproteins 

The carbohydrate ligand-exposing neoglycoproteins 
(Lac-BSA-biotin, a-L-Rham-BSA-biotin, a-D-Man- 
BSA-biotin, Mal-BSA-biotin, a-L-Fuc-BSA-biotin, D- 
D-GalNAc-BSA-biotin, 13-D-GlcNAc-BSA-biotin), 
applied as glycohistochemical tools, were synthesized by 
diazo coupling to periodate-treated bovine serum 
albumin (BSA) of the highest commercially available 
degree of purity, starting from p-aminophenyl 
derivatives, as described in detail elsewhere (Gabius et 
al., 1990a,b). 

Histochemical processing 

The paraplast-embedded sections were routinely 
processed by rehydration, treatment with 1% hydrogen 
peroxide solution for 30 minutes to block endogenous 
peroxidase activity, incubation with 0.1% periodate- 
treated BSA solutions to saturate unspecific protein- 
binding sites, incubation with 1 0  p g  biotinylated 
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lectinlml (Con A, VAA, RCA-I, 14 kDa) or 40 p g  
lectinlml (UEA-I, DBA, SBA, HPA), respectively, or 
with 100 p g  biotinylated neoglycoprotein/ml in 
phosphate-buffered saline, pH 7.4 containing 0.1% BSA 
for 4 h at room temperature and, after thorough rinses to 
completely remove unbound marker, for 1 h with ABC 
reagents. The formation of the coloured product, 
visualizing the probe-binding sites, was carried out by 
incubation for 30 minutes with the following solution: 
15 mg 3-amino-9-ethylcarbazole dissolved in 3.75 ml 
dimethylformamide and added to 71.25 m1 0.1M sodium 
acetate buffer (pH 5.2) to which 0.75 m1 3% hydrogen 
peroxide solution was pipetted. Counterstaining was 
carried out with hematoxylin. 

For ascertaining the specificity of lectin- 
carbohydrate interaction, binding of the individual 
lectins was inhibited by CO-incubation with glyco- 
inhibitor-containing solution at a sugar concentration of 
0.2M (inhibition of Con A by a-D-mannose; UEA-I by 
a-L-fucose; DBA, SBA and HPA by N-acetyl-D- 
galactosamine; VAA, RCA-I and 14 kDa by B-lactose). 
Appropriate specificity controls for binding of 
neoglycoproteins were performed, as described (Gabius 
and Bardosi, 1991; Danguy et al., 1995). Lack of 
binding of the label biotin by endogenous biotin-specific 
proteins, of the carrier protein and any components of 
the kit reagents, namely the mannose-containing, 
glycoproteins avidin and horseradish peroxidase, was 
rigorously excluded. 

Within the evaluation of lectin binding, the reactivity 
was assessed in macrophages of the follicle-associated 
epithelium, the dome,  the lamina propria of the 
intercryptal region, the germinal centers and the T- 
region, in dendritic cells of germinal centers and T- 
regions as well as in lymphatic cells of the follicle- 
associated epithelium, the dome, the lamina propria of 
the intercryptal region, the mantle zone of follicles, the 
germinal centers and the T-region. The extent of staining 
reactions with neoglycoproteins was evaluated 
separately in enterocytes of the surface epithelium, in 
enterocytes of crypts, in goblet cell secretory globules, in 
adenoma cells of superficial parts of colonic adenoma, in 
adenoma cells of basal parts of colonic adenoma, in 
secretory globules of adenoma cells as well as  in 
macrophages, dendritic cells and lymphatic cells of the 
GALT of the appendix vermiformis with respect to 
presence of staining and staining intensity. The quantity 
of labelled cells and the staining intensity were grouped 
into categories, as given in the footnotes of Tables 1-3. 
In detail, three independent observers (U.B., R.B. and 
M.K.) counted the number of labeled cells per 400 cells 
of each cell  type in each subregion and 
semiquantitatively determined the overall staining 
intensity according to a 4-grade scale for the intensity of 
staining due to lectin binding and a 7-grade scale for the 
intensity of staining due to specific neoglycoprotein 
binding. A low variability of the results was obtained 
between the 3 independent observers.  This  low 
variability of results was also seen between all evaluated 

tissue specimens. Only minor quantitative differences of 
results between observers and all evaluated tissue 
specimens concerning quantity of labeled cells (mostly 
below 5%) and staining intensity (identical assessment 
of more than 80% of cases) allowed us to group the 
quantity of labeled cells and the staining intensity into 
categories, as given in detail in Tables 1-3, without 
further documentation of a statistical analysis. 

Results 

Binding of lectins to gut associated lymphoid tissue of 
normal appendix vermiformis (Table 1) 

Con A 

Con A binds specifically to lymphoid cells and 
macrophages in all anatomical subsites of the Gut 
Associated Lymphoid Tissue of human appendix 
vermiformis. Staining intensity is rather weak in B- and 
T-lymphocytes of the mantle zone, the T-region and the 
intercryptal region. Lymphoid cells in the inner two 
thirds of the germinal center and lymphoid cells of the 
dome are stained more strongly than germinal center 
cells in the outer third of the germinal center or 
lymphocytes in the mantle zone and the T-region. 
Among lymphoid cells plasma cells display the strongest 
reactivity with the lectin, comparable to that of 
macrophages in all anatomical subsites of the GALT 
(follicle-associated epithelium, intercryptal region, 
germinal center, T-region). Con A labels interdigitating 
reticulum cells but apparently not dendritic reticulum 
cells of germinal centers. 

UEA-I 

In contrast to lymphocytes, lymphoid cells 
(centrocytes, centroblasts, plasma cells), dendritic 
reticulum cells or interdigitating cells, UEA-I binds to 
macrophages of the follicle-associated epithelium, the 
intercryptal region and the dome. It is notable that 
macrophages of the germinal center and the T-region 
were negative. Endothelial cells were labeled by UEA-I 
in a heterogeneous manner. 

DBA (Fig. lA,B) 

Histochemical reactions with DBA resulted in a 
staining pattern that apparently closely resembled 
labeling with UEA-I, with the obvious exception that 
endothelial cells consistently remained unstained with 
DBA. 

SBA (Fig. lC,D) 

The binding of SBA under the given conditions was 
confined with rather equal intensity to macrophages of 
the follicle-associated epithelium, the dome, the 
intercryptal region and the germinal center as well as to 
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Table 1. Binding of lectins to subregions of appendiceal Peyer's patches. 

LOCATION OF LECTIN BINDING Con A UEA-I DB A SBA HPA VAA RCA-I 14 kDa 

Follicle-associated epithelium 
Lymphocytes 
Macrophages 

Dome 
Lymphocytes 
Plasma cells 
Macrophages 

lntercryptal region 
Lymphocytes 
Plasma cells 
Macrophages 

Mantle zone 
Lymphocytes 

Germinal center 
Lymphoid cells (inner two thirds) 
Lymphoid cells (outher third) 
Macrophages 
Dendritic reticulum cells 

T-region 
Lymphocytes 
Macrophages 
lnterdigitating reticulum cells 

The percentage of positive cells is grouped into the categories: -, 0%; (+), 0-20%; +, 20-40%; ++, 40-60%; and +++. 60-100%. The intensity of staining 
reaction is grouped into the categories: 0, no staining; 1, weak, but significant staining; 2, medium staining; 3, strong staining; and 4, very strong 
staining. 

a minority of the macrophages of the T-region and of 
interdigitating reticulum cells. 

HPA (Fig. 1E-G) 

HPA binds neither to lymphocytes, centrocytes and 
centroblasts nor to dendritic reticulum cells. However, 
plasma cells and macrophages as well as interdigitating 
reticulum cells can be stained by this lectin. It reacted 
equally with macrophages of the follicle-associated 
epithelium and the germinal center. In comparison to the 
level of these staining reactions, binding of HPA to 
macrophages of the intercryptal region and the dome 
was more pronounced. Binding of HPA to macrophages 
of the T-region was equally strong as  that in the 
intercryptal region and the dome, but it apparently 
occurred only in 20-40% of the cells. Endothelial cells 
were intensely labeled by HPA. 

VAA 

VAA bound in a heterogeneous manner, and with 
some variability among the tested individual cases, to 
lymphoid cells mainly of the T-region and the follicle- 
associated epithelium and to interdigitating reticulum 

cells. Under the conditions of this comparative study 
VAA bound to most germinal center macrophages but 
only to a minority of macrophages in the follicle- 
associated epithelium, the dome region, the lamina 
propria and the T-region. Staining intensity was very 
strong in macrophages of germinal center, strong in the 
follicle-associated epithelium, the dome region and the 
lamina propria, but comparatively weak in the T-region. 
Interdigitating reticulum cells were partly labeled by 
VAA. 

RCA-I 

RCA-I showed the smallest extent of selectivity of 
binding in comparison to the other two galactoside- 
specific lectins, which is in line with a model for the 
binding site topologies based on chemical-mapping 
study with a panel of carbohydrate ligands (Lee et al., 
1994). RCA-I bound very strongly to all lymphoid cells 
in the dome, the mantle region, the inner part of the 
germinal center and in the intercryptal region and 
strongly in the outer third of the germinal centers and the 
follicle-associated epithelium. Lectin-dependent staining 
intensity of lymphocytes in the T-region was moderate. 
RCA-I strongly or very strongly bound apparently to all 

Fig. 1. A. Normal human appendiceal intercryptal region. DBA. Only macrophages are stained. B. Normal human appendiceal germinal center. DBA. 
No cells are stained. C. Normal human appendiceal intercryptal region. SBA. Only macrophages are stained. D. Normal human appendiceal germinal 
center. SBA. Only macrophages are stained. E, F. Normal human appendiceal intercryptal region. HPA. Only plasma cells, macrophages and 
endothelial cells are stained. G. Normal human appendiceal germinal center. HPA. Only macrophages are stained. Bar: 6pm. X 1,350 
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Table 2. Binding of carrier-immobilized carbohydrate ligands to epithelium and Peyer's patches of normal human appendix vermiformis and in acute 
appendidtis. 

SITE OF NEOGLYCOPROTEIN BINDING Laca 8-GalNAc B-GlcNAc a-Man a-L-Fuc #a1 a-L-Rham 

Epiihelial cells 
Su- enterocyles +++l2 +++l2 +++l3 +++l3 +++l4 +++I1 +++l2 
Crypt entemytes +++/l +++/l +++l2 +++l2 +++l2 +++l1 +++/l 

F o l l i d b ~ ; t e d  epithelium 
L~mphocyr- -10 -10 -10 (+)l2 (+)M -10 -10 
tdaorophages -K, -10 -10 (+)l2 (+)l2 -10 -m 

Dome 
Lymphocytes -10 -10 -10 (+)l2 -10 -10 
plasma cells -m -10 -10 (+lR ++l3 ++B -10 -10 
Macmphages -10 -10 -10 (+)l2 (+)M -10 -m 

lntefmyptal region 
LVrnphocyt= -10 -10 -10 (+)l2 (+)M -/o -10 
Plasma cells -10 -D -10 ++l3 ++l3 -10 -10 
Macrophages -10 -/O -10 (+)l2 (+)l2 -10 -10 

Mantle zone 
LP-= -10 -10 -10 +/2 +l2 -m -10 

Geminal center 
Lymphoid cells (inner two thirds) -10 -10 -10 -10 -10 -10 -10 
Lymphoid cells (outer third) -10 -10 -10 -10 -10 -10 -10 
Macrophaees -10 -fO -10 -10 -10 -10 -10 
Dendrltic reticulum cells -10 -10 -10 -l0 -10 -10 -10 

T-region 
~ymphoc~tes -m -10 -10 +l2 +B -10 -10 
Macrophages -10 -10 -10 -10 -10 -10 -10 
Interdigitatin0 reticulum cells -10 -/o -10 -10 -10 -10 -m 

The percentage of positive cells is grouped into the categories: -, 0%; (+), 0-20%; +, 204%; ++, 40-60%; and +++, 60-100%. The intensity of staining 
is grouped into seven categories of increasing intensity, ranging from 1 (weak, but significant staining) to 7 (strong staining). Lac: lactose; GalNAc: N- 
acetylgalactosamine: GlcNAc: N-acetyIglumsamin& Man: mannose; Fuc: fume; Mal: maltose; Rham: rhamnose. 

macrophages in the follicle-associated epithelium, the 
dome, the germinal center and the intercryptal region 
and most of the macrophages and interdigitating 
reticulum cells in the T-region. 

Galectin- l (1 4kDa) (Fig. 2E, F). 

In relation to the two plant agglutinins this lectin 
not only localized distinct D-galactosides including 
internal poly-(N-acetyl1actosamine)-sequences. 
Moreover, its mammalian origin enables us to suggest 
evidence for the display of endolectin-reactive sites 
with potential physiological relevance. It was thus 
remarkable that binding of galectin-l to lymphoid 
cells in all anatomical subsites was heterogeneous. 
Staining intensity was moderate in the germinal 
center, the lamina propria and the dome, but weak in the 
mantle region and the follicle-associated epithelium. 
Lymphocytes in the T-region were devoid of detectable 

14 kDa-binding sites. Galectin-l bound moderately 
to 40-60% of germinal center macrophages, the 
dome and the lamina propria and weakly to phagocytes 
of the follicle-associated epithelium. It was the only 
probe within the applied panel of lectins that also 
labeled nuclei of cells, as is exemplarily illustrated in 
Fig. 2E. Together with the documented presence of 
galectin-l and also the related galectin-3 in cell nuclei 
(Gabius et al., 1986; Anderson and Wang, 1992), this 
observation supports the notion that a recognitive 
interplay between nuclear lectins and glycoconjugates 
can be operative (Hubert et al., 1989). In addition to the 
lectin-dependent characterization of the GALT of 
appendix vermiformis, complementing our previous 
study on this aspect which has focused on the epithelial 
compartment (Brinck et al., 1995), we have employed 
labeled neoglycoproteins to comparatively analyze the 
expression of glycoligand-binding sites in this tissue 
tY Pe. 

C 

Fig. 2. A Normal human appendiceal sutface epithelium. Lactosylated BSA. Weak to medium staining of cytoplasm and nuclel, excluding mucous 
droplets of goblet &b. B. Supeficial part of an adenoma of the large intestine. Lactosylated BSA. Medium to strong staining of cytoplasm and nuclei of 
epithelial cells. C. Normal human appendiceal aypt epithelium. Lactosylated BSA. Weak, but significant staining of epithelial cells, excluding mucous 
droplets of goblet cells. D. Deep (tubular) part of an adenoma of the large intestine. Lactosylated BSA. Strong staining of cytoplasm and nuclei of 
epitheliil cells. E. Crypt epithelium and intercryplal region of normal human appendix vermiformis. Mammalian-8-galactosid8spiRc lectin, termed 
galeetin-l or 14 km. Cytoplasmic and nuclear staining of epithelial and lymphoid cells. No labeling of mucous droplets of goblet cells. F. Crypt 
epithelium and intercryptel region of normal appendii vermiformis. Inhibition of binding of biotinylated galectin-l (14 kDa) in the presence of a 50-fold 
excess of u n w e d  lactosylated BSA as well m 0.2M lactose. Bar: 6 pm. X 1,350 
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TaMe 3. Btnding of carrier-immobilized carbohydrate ligands to mucosa and adenoma of the large intestine. 

SITE OF NEOGLYCOPROTEIN WNDlNG La@ R-GalNAc R-GlcNAc a-Man a-L-Fuc Mal a-L-Rham 

Muwsa 
Surface enterocytes 
Crypt enterocytes 

Adenoma 
Surface enterocytes 5 4 5 6 5 4 5 
Crypt enterocytes 6 5 6 7 6 5 6 

The intensity of staining reaction is grouped into seven categories of increasing intensity, ranging from 1 (weak, but significant staining) to 7 (strong 
staining). Lac: lactose; GalNAc: N-acetylgalaclosamine; GlcNAc: N-acetylglucosamlne; Man: mannose; Fuc: fucose; Mai: maltose; Rham: rhamnose. 

Binding of neoglycoproteins to normal tissues (Tables 2 
and 3) 

The chemical properties of the neoglycoproteins 
(type of carbohydrate derivative and conjugation, 
coupling yield and label density) were deliberately kept 
identical. Therefore, the nature of the ligand was the 
only parameter allowed to vary. Histochemical reactions 
with the carbohydrate ligand-exposing markers, namely 
Lac-BSA-biotin, B-GalNAc-BSA-biotin, B-GlcNAc- 
BSA-biotin, Man-BSA-biotin, Fuc-BSA-biotin and 
Rham-BSA-biotin, resulted in a characteristic staining 
pattern of epithelial cells. With respect to the 
intracellular distribution of reactive sites a certain degree 
of similarity was observed. The staining intensities, 
however, differed clearly, emphasizing variations in the 
abundance of detectable glycoligand-binding sites. 

Cytoplasmic and nuclear staining reaction was seen 
with all applied neoglycoproteins, as is exemplarily 
shown in Fig. 2A. Within the cytoplasm, specific 
binding sites were detected in a supranuclear, para- 
retronuclear and subapical location, whereas the apical 
cell border and mucus of the goblet cells remained 
unlabeled (Fig. 2A,C). 

Extent of binding of the applied neoglycoproteins 
with the exception of the maltosylated marker displayed 
a continuous increase from the base of the glands to the 
surface epithelium, which exhibited the comparatively 
highest degree of labeling, as is illustrated in Fig. 2A,C. 
a-Glucoside-binding sites were equally abundantly 
present at the surface and the gland epithelium. 
Comparison of neoglycoproteins with respect to their 
capacity for labeling the surface epithelium showed Fuc- 
BSA-biotin to be the strongest marker followed by Man- 
BSA-biotin and B-GlcNAc-BSA-biotin; Rham-BSA- 
biotin, Lac-BSA-biotin and B-GalNAc-BSA-biotin as 
well as Mal-BSA-biotin with stepwise reduction of their 
labeling capacity (Tables 2 and 3). In addition to the 
routine controls, this grading of staining intensities for a 
panel of probes which only differed in one parameter, 
namely the carbohydrate ligand, is clear evidence for a 
specific protein-carbohydrate interaction. With respect to 
labeling of the gland epithelium B-GlcNAc-BSA-biotin, 
Fuc-BSA-biotin and Man-BSA-biotin showed the 
strongest staining capacity and Lac-BSA-biotin, Mal- 

BSA-biotin, B-GalNAc-BSA-biotin and Rham-BSA- 
biotin the weakest staining intensity (Tables 2 and 3). 

Within the GALT of normal appendix vermiformis, 
binding of Fuc-BSA-biotin and Man-BSA-biotin was 
detected in some of the epithelial/subepithelial 
macrophages of the dome region, the lamina propria of 
the intercryptal region and the follicle-associated 
epithelium, but not in phagocytes at any other location. 
A small number of lymphocytes, mostly in the T-region 
but also in B-cell rich areas, expressed intranuclear 
binding sites of fucose and mannose. Additionally, a 
heterogeneous labeling of plasma cells within their 
cytoplasm was detected with these two probes (Table 2): 

Acute appendicitis (Table 2) 

Binding of lectins and neoglycoproteins to GALT 
and of neoglycoproteins to epithelial cells of appendiceal 
mucosa remained unchanged under the condition of the 
acute inflammation. 

Binding of neoglycoproteins to colonic adenoma (Table 
3) 

To reveal any differences in the expression of 
glycoligand-reactive sites in aberrant cells, we extended 
this analysis to adenoma cases. A marked alteration of 
the localization of staining was not detectable, turning 
our attention to a detailed semi-quantitative comparison. 

Cytoplasmic and nuclear staining reaction was 
assessed with the applied neoglycoproteins, as shown in 
Fig. 2B,D. Similar to the behavior of normal enterocytes, 
binding sites for neoglycoproteins in the cytoplasm of 
adenoma cells were detected in a supranuclear, para- 
retronuclear and subapical location, whereas the apical 
cell border was not labeled. Within adenoma cells with 
extensive mucus production the mucus remained 
unlabeled with neoglycoproteins, as already seen in 
goblet cells of normal mucosa. The neoglycoproteins 
bound more intensely to adenoma cells in deep (basal) 
parts of gland structures than to adenoma cells in apical 
gland or villous structures and superficially located 
adenoma cells (Fig. 2B7D). 

Both in superficial and deep parts of the adenoma 
Man-BSA biotin was the neoglycoprotein with the 
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highest degree of labeling and Mal-BSA-biotin and 8- 
GalNAc-BSA-biotin the markers with the lowest degree 
of labeling. In between, Lac-BSA-biotin, Fuc-BSA- 
biotin, 0-GlcNAc-BSA-biotin and Rham-BSA-biotin 
were rather equal in staining (Table 2). I t  is therefore 
evident that the availability of accessible binding sites 
for the tested glycoligand is significantly increased in 
adenoma cells relative to normal mucosa cells. 

Discussion 

This study has extended our glycohistochemical 
analysis of the epithelium of normal human appendix 
vermiformis (Brinck et al., 1995) to appendiceal Peyer's 
patches and includes information on the carbohydrate 
ligand-binding properties of this organ and of colonic 
mucosa. Comparative examination of cases with colonic 
adenoma disclosed quantitative differences of neo- 
glycoprotein binding, whereas acute inflammation in 
appendicitis is associated with changes of lectin binding 
to mucus of goblet cells only. 

In Peyer's plaques of normal appendix vermiformis 
the ligand density for lectins can differ for cells with 
respect to cell type and location of cells. Explicitly, the 
results show that the employed panel of lectins is useful 
to distinguish three subtypes of macrophages in the 
GALT of the human appendix vermiformis on the basis 
of quantitative differences in glycosylation. They 
comprise cells near the lumen, i.e. macrophages of the 
follicle-associated epithelium and subepithelial 
macrophages of the dome and lamina propria, tingible 
body macrophages of the germinal centers  and 
macrophages of the T-region. Macrophages near the gut 
lumen consistently express the broadest spectrum of 
lectin-reactive carbohydrate structures. UEA-I and DBA 
never bound to any of the tingible body macrophages of 
the germinal centers or the T-region. UEA-I and DBA 
appeared to bind preferentially to lysosomal structures. 
As it is known that foreign antigenic macromolecules 
taken up from the gut lumen are also transported to 
macrophages in germinal centers (von Rosen et al., 
1981), this reduction of lectin binding may be attributed 
to degradation of phagocytozed material in deeper 
portions of Peyer's plaques and/or to altered (physico-) 
chemical properties of lysosomal membranes. 

A second location-dependent peculiarity was 
observed in macrophages which were either located 
directly beneath the basal membrane of the follicle- 
associated epithelium or in the follicle-associated 
epithelium. These macrophages can bind VAA at the cell 
surface which is in contact with the basal membrane, 
lymphocytes or M-cells. Surface binding of VAA was 
not observed in macrophages of other regions. It is 
possible, but not proven to suggest that this observed 
property may be associated with macrophage stimulation 
in this special environment, e.g. antigen exclusion by M- 
cells. Lectin binding on the surface of macrophages is of 
special relevance for phagocytosis, because these 
binding sites may be involved in adsorption of 

extracellular macromolecules (with lectin properties), 
e.g. bacterial surface lectins (Ofek and Sharon, 1988). In 
addition, glycoconjugates on the surface of macrophages 
in the follicle-associated epithelium or in a subepithelial 
position could interact with lectins of other cells like 
lymphocytes (Gabius, 1987b; Abramenko et al., 1992) 
which may especially be relevant under the condition of 
activation. 

Our report presents detailed information on lectin 
binding characteristics of macrophages of human 
Peyer's patches. In comparison to published data on 
animal's Peyer's plaques interspecies differences are 
notable. DBA binding, which has been observed for rat 
germinal center macrophages (Sminia and van der Ende, 
1988, 1991), was not seen, the difference being possibly 
attributable either to species variability or to tissue 
processing. 

Comparison of our results with data on lectin 
binding characteristics of macrophages in lymph nodes 
showed that tingible body rnacrophages and sinus 
histiocytes of lymph nodes in contrast to Peyer's plaque 
macrophages lack SBA-binding sites (Budde et al., 
1988). Similar results have been published after 
examination of rat tissue (Sminia and van der Ende, 
1988, 1991). This fact supports the notion of dispersaly 
accessible carbohydrate residues in macrophages of Gut 
Associated and non-Gut Associated Lymphoid Tissue 
both in animals and humans. 

The panel of lectins used as probes in this study 
comprised mitogenic and non-mitogenic lectins. It is 
striking that under these conditions non-mitogenic 
lectins (DBA, SBA, HPA) did not bind to lymphocytes, 
Cvhereas mitogenic lectins (Con A, VAA, RCA-I) did. 
Remarkably, binding of the mitogenic lectins Con A and 
RCA-I to glycoligands on lymphocytes can initiate the 
cascade of growth stimulation after lectin-dependent 
clustering (Chilson and Kelly-Chilson, 1989). Likewise, 
signal transduction with enhanced phosphorylation of 
distinct proteins and phospholipids as well as an increase 
in ca2+-availability had been reported for VAA after 
binding to the cell surface with positive cooperativity 
(Gabius et al., 1992). 

Intraepithelial lymphocytes were characterized by a 
heterogeneous expression of VAA-binding sites. Since 
this lymphocyte population is mainly established by 
CD8+ cytotoxic suppressor-T-lymphocytes (MacDonald 
and Spencer, 1990) and is closely functionally related to 
gut epithelium, e.g. by capability of induction of Ia 
(MHC-class-11) antigens (Auer, 1990; Cerf-Bensussan et 
al., 1984), VAA-binding sites may also be involved in 
the regulatory immunological functions of intraepithelial 
lymphocytes. The elucidation of important immuno- 
regulatory functions such as enhanced cytokine secretion 
or superoxide production has already been proven for 
this lectin (Gabius, 1994). 

Marked differences were observed between lectin- 
binding characteristics of dendritic cells in germinal 
centers and in the T-region. Binding of lectins to 
interdigitating cells in the T-region is similar to binding 
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to macrophages. This observation corroborates the view 
that interdigitating cel ls  are derived from the 
mononuclear phagocyte system (Radzun et al., 1984). 
Our finding that follicular dendritic reticulum cells do 
not share lectin-binding characteristics of macrophages 
and of interdigitating cells is in accordance with the 
theory that they arise from a different cellular origin, 
perhaps originating from perivascular tissue (Beranek 
and Masseyeff, 1986). 

Remarkable differences exist for the binding patterns 
of lectins with nominal specificity to the same mono- 
saccharide. This is illustrated for the GalNAc-specific 
lectins (Fig. 1A-G). In detail, HPA is the only one of the 
three applied GalNAc-specific lectins that binds in a 
heterogeneous manner to the Golgi zone of plasma cells 
and intensely to endothelial cells. Conversely, HPA and 
SBA stain macrophages of germinal centers quite well, 
whereas DBA does not bind to these cells. In this 
context, it is instructive to refer to the observation that 
even closely related lectins of the same monosaccharide 
specificity from the organism can exhibit differential 
binding capacity to homologous lymphocyte populations 
(Schneller et al., 1995). Development of, for example, 
the chemical-mapping approach besides the 
crystallographic analysis has been instrumental for 
procurement of detailed insights into architectures of the 
ligand-binding sites to explain the differential behavior 
at the atomic level (Solis et al., 1996). 

Intracellular distribution of carbohydrate ligand- 
binding sites within enterocytes of appendiceal and 
colonic mucosa resembled the binding pattern of the 
mammalian galectin-l (14 kDa) closer than any other 
lectin used in this study. This similarity of cellular 
binding pattern illustrated for lactose-binding sites and 
the mammalian B-galactoside-specific lectin (Fig. 2 
A,C,E), may serve to point to functional implications of 
carbohydrate-lectin interactions in situ. Binding of 
neoglycoproteins excluded the apical cell surface with 
the striated border, and the secretory vesicles of goblet 
cells. This appearance may reflect masking of specific 
receptors in certain locations, which have been 
demonstrated to contain lactose-binding lectins in an 
animal study performed by immunohistochemical 
techniques (Beyer and Barondes, 1982). 

The intensity of binding of carrier-immobilized 
carbohydrate ligands such a s  B-galactose, B-N- 
acetylgalactosamine, B-N-acetylglucosamine and a- 
mannose to epithelia1 cells of normal mucosa of the 
large intestine is apparently correlated to the status 

of maturation of the cells. There is an increase of 
staining intensity from the bottom of the crypts to the 
surface epithelium. Such a pattern of labelling has also 
been found in the case of SBA and RCA-I in the 
appendix vermiformis, as  well a s  for Con A and 
14 kDa in enterocytes of the distal large intestine, 
hinting to a physiological implication of the presently 
phenomenological result (Brinck et al., 1995). 

Previous studies have shown alterations of 
glycoconjugates associated with tumorigenesis of 

colonic adenoma (Boland et al., 1982; Rhodes et 
al., 1986; Campo et al., 1988; Ho et al., 1988; Lee, 
1988; Ota et al., 1988; McGarrity et al., 1989; Orntoft 
et al., 1991; Dall'Olio and Trere, 1993; Jass et al., 
1993; Fucci et al., 1993). The most frequently detected 
changes of lectin binding in the adenoma comprised 
increase of reactivity for peanut agglutinin1Amaranthin 
(Boland et al., 1982; Rhodes et al., 1986; Campo et al., 
1988; Lee, 1988; Ota et al., 1988; McGarrity et al., 
1989; Orntoft et al., 1991; Sata et al., 1992; Fucci et al., 
1993), Ulex europaeus agglutinin (Rhodes et al., 1986; 
Ota et al., 1988; McGarrity et al., 1989; Jass et al., 1993) 
and Griffonia simplicifolia agglutinin-I1 (Rhodes et al., 
1986; Ota et al., 1988). Having synthesized markers to 
measure the ligand properties of carbohydrate moieties, 
it is possible to compare glycohistochemically accessible 
carbohydrate moieties and respective receptors in tissue 
material with defined morphological alterations. This 
binding can correlate with morphometric features and 
with survival of patients in lung and prostate cancer 
(Kayser et al., 1994, 1995). It appears that increases in 
lectin-reactive Gal(/Gal-B-1,3 GalNAc), fucose and 
GlcNAc moieties, respectively are associated with 
enhanced presentation of respective carbohydrate ligand- 
binding capacity in colonic adenoma. It is of interest that 
the qualitative subcellular binding pattern of neoglyco- 
proteins to adenoma cells closely resembles that of 
epithelial cells of normal mucosa. The apical surface and 
mucus of secretory vesicles are free of respective 
binding sites. Preservation of this phenotype appears to 
possibly reflect the level of differentiation of adenoma 
cells. A previous glycohistochemical study (Gabius et 
al., 1991) has revealed high levels of expression of 
carbohydrate ligand-binding capacity with specificity for 
lactose and B-GalNAc in invasive adenocarcinomas of 
the large intestine. Using an antibody to either human 
galectin-1 or to human galectin-3 this result was 
confirmed on the level of these endolectins (Irimura et 
al., 1991; Schoeppner et al., 1995). Since galectin-3 
expression has been implicated with neoplastic 
transformation and metastatic progression, the nature of 
endogenous ligands has been investigated, defining 
carcinoembryonic antigen, laminin and lysosome- 
associated membrane glycoproteins as lectin-reactive 
glycoprotein in colon carcinoma cells (Ohannesian et al., 
1995). These results indicate that an increase of certain 
carbohydrate ligand-binding capacities can be referred to 
as an apparently early event in the course of progression 
from adenoma to carcinoma, warranting further studies. 

Acknowledgements. The generous financial support of the Dr.-M. - 
Scheel-Stiftung fiir Krebsforschung and the Deutsche 
Forschungsgerneinschaft (Ga 34917-1) is gratefully acknowledged. 

References 

Abramenko I.V., Gluzrnan D.F., Korchagina E.Y., Zemlyanukhina T.V. 
and Bovin N.V. (1992). Oligosaccharide-binding molecules on the 



Lectins and neoglycoproteins in normal and diseased intestine 

surface of human hemopoietic and lymphoid cells. FEBS Lett. 307, 
283-286. 

Anderson R.L. and Wang J.L. (1992). Carbohydrate-binding protein 35. 
Trends Glycosci. Glycotechnol. 4, 43-52. 

Auer 1.0. (1990). Der Diinndarm als Immunorgan. Fortschr. Med. 108, 
292-296. 

Bardosi A., Bardosi L., Hendrys M., Wosgien B, and Gabius H.-J. 
(1990). Spatial differences of endogenous lectin expression within 
the cellular organization of the human heart: a glycohistochemical, 
immunohistochemical and biochemical study. Am. J. Anat. 188, 409- 
418. 

Beranek J.T. and Masseyeff R. (1986). Commentary. Hyperplastic 
capillaries and their possible involvement in fibrosis. Histopathology 
10, 543-546. 

Beyer E.C. and Barondes S.H. (1982). Secretion of endogenous lectin 
by chicken intestinal goblet cells. J. Cell Biol. 92, 28-32. 

Boland C.R., Montogomery C.K. and Kim Y.S. (1982). A cancer- 
associated mucin alteration in  benign colonic polyps. 
Gastroenterology 82, 664-672. 

Bovin N.V. and Gabius H.J. (1995). Polymer-immobilized carbohydrate 
ligands: versatile chemical tools for biochemistry and medical 
sciences. Chem. Soc. Rev. 24,413-421. 

Brinck U,, Bosbach R., Korabiowska M,, Schauer A. and Gabius H.J. 
(1995). Lectin-binding sites in the epithelium of normal human 
appendix vermiformis and in acute appendicitis. Histol. Histopathol. 
10, 61-70. 

Budde R., Klein P.J. and Schaefer H.E. (1988). Lectin-, immuno- and 
enzymehistochemical investigations on benign and neoplastic cells 
of the mononuclear phagocyte system. Acta Histochem. 36, 227- 
234. 

Campo E., Condom E., Palacin A., Quesada E. and Cardesa A. (1988). 
Lectin binding patterns in normal and neoplastic colonic mucosa. A 
study of Dolichos biflorus agglutinin, peanut agglutinin, and wheat 
germ agglutinin. Dis. Colon Rectum 31, 892-899. 

Cerf-Bensussan N., Quaroni A., Kurnick J.T. and Bhan A.K. (1984). 
lntraep~thelial lymphocytes modulate la expression by intestinal 
epithelia1 cells. J. Immunol. 132, 2244-2252. 

Chilson O.P. and Kelly-Chilson A.E. (1989). Mitogenic lectins bind to the 
antigen receptor on human lymphocytes. Eur. J. Immunol. 19, 389- 
396. 

Clark M.A., Jepson M.A., Simmons N.L., Booth T.A. and Hirst B.H. 
(1993). Different~al expression of lectin-binding sites defines mouse 
intestinal M-cells. J. Histochem. Cytochem. 41, 1679-1687. 

Clark M.A., Jepson M.A. and Hirst B.H. (1995). Lectin-binding defines 
and differentiates M-cells in mouse small-intestine and cecum. 
Histochem. Cell Biol. 104, 161-168. 

Dall'Olio F. and Trere D. (1993). Expression of alpha 2,6-sialylated 
sugar chains in normal and neoplastic colon tissues. Detection by 
digoxigenin-conjugated Sambucus nigra agglutinin. Eur. J.  
Histochem. 37, 257-265. 

Danguy A., Akif F., Pajak B. and Gabius H.-J. (1994). The contribution 
of carbohydrate histochemistry to glycobiology. Histol. Histopathol. 
9, 155-171. 

Danguy A., Kayser K., Bovin N.V. and Gabius H.-J. (1995). The 
relevance of neoglycoconjugates for h~stology and pathology. 
Trends Glycosci. Glycotechnol. 7, 261-275. 

Fucci L., Valentini A.M. and Caruso M.L. (1993). Can peanut agglutinin 
distinguish between pseudo and true invasion in colonic adenomas? 
Eur. J. Histochem. 37, 335-344. 

Gabius H.-J. (1987a). Vertebrate lectins and their possible roles in 
fertilization, development and tumor biology. In vivo l ,  75-84. 

Gabius H.-J. (1987b). Endogenous lectins in tumors and the immune 
system. Cancer Invest. 5, 39-46. 

Gabius H.-J. (1990). Influence of type of linkage and spacer on the 
interaction of 0-galactoside-binding proteins with immobilized affinity 
ligands. Anal. Biochem. 189, 91 -94. 

Gabius H.-J. (1991). Detection and functions of mammalian lectins - 
with emphasis on membrane lectins. Biochim. Biophys. Acta 1071, 
1-18. 

Gabius H.-J. (1994). Lectinology meets mythology: ontological future for 
the mistletoe lectin? Trends Glycosci. Glycotechnol. 6, 229-238. 

Gabius H.-J. and Bardosi A. (1991). Neoglycoproteins as tools in 
glycohistochemistry. Progr. Histochem. Cytochem. 22, 1-66. 

Gabius H.-J. and Gabius S. (eds). (1993). Lectins and glycobiology. 
Springer Publ. Co. Heidelberg, New York. 

Gabius H.-J. and Gabius S. (eds). (1996). Glycosciences: status and 
perspectives. Chapman and & Hall. Weinheim. 

Gabius H.-J., Brehler R., Schauer A. and Cramer F, (1986). 
Localization of endogenous lectins in normal human breast, benign 
breast lesions and mammary carcinomas. Virchows Arch. (B) 52, 
107-1 15. 

Gabius H.-J. ,  Gabius S., Brinck U, and Schauer A. (1990a). 
Endogenous lectins with specificity to B-galactosides and a- or 8-N- 
acetylgalactosaminides in human breast cancer: their glycohisto- 
chemical detection in tissue sections by synthetically different types 
of neoglycoproteins, their quantitation on cultured cells by neoglyco- 
enzymes and their usefulness as targets in lectin-mediated 
phototherapy in vitro. Pathol. Res. Pract. 186, 597-607. 

Gabius H.-J., Schroter C., Gabius S., Brinck U. and Tietze L.F. (1990b). 
Binding of T-antigen-bearing neoglycoprotein and peanut agglutinin 
to cultured tumor cells and breast carcinomas. J. Histochem. 
Cytochem. 38, 1625-1 631. 

Gabius H.-J., Grote T., Gabius S., Brinck U. and Tietze L.F. (1991). 
Neoglycoprotein binding to colorectal tumor cells: comparison 
between primary and secondary lesions. Virchows Arch. (A) 419, 
217-222. 

Gabius H.-J., Walzel H., Joshi SS. ,  Kruip J., Kojima S., Gerke V., 
Kratzin H. and Gabius S. (1992). The immunomodulatory 
galactoside-specific lectin from mistletoe: partial sequence analysis, 
cell and tissue binding, and Impact on intracellular biosignalling of 
monocytic leukemia cells. Anticancer Res. 12, 669-676. 

Gabius H.-J., Gabius S., Zemlyanukhina T.V., Bovin N.V., Brinck U,, 
Danguy A., Joshi S.S., Kayser K., Schottelius J., Sinowatz F., Tietze 
L.F., Vidal-Vanaclocha F. and Zanetta J.-P. (1993). Reverse lectin 
histochemistry: design and application of glycoligands for detection 
of cell and tissue lectins. Histol. Histopathol. 8, 369-383. 

Ho S.B., Toribara N.W., Bresalier R.S. and Kim J.S. (1988). Biochemical 
and other markers of colon cancer. Gastroenterol. Clin. North. 
America 17, 81 1-836. 

Hubert J., Seve A.P., Facy P. and Monsigny M. (1989). Are nuclear 
lectins and nuclear glycoproteins involved in the modulation of 
nuclear functions? Cell. Diff. Dev. 27, 69-71. 

lrimura T., Matsushita Y., Sutton R.C., Carralero D., Ohannesian D.W., 
Cleary K.R.. Ota D.M., Nicolson G.L. and Lotan R. (1991). Increased 
content of an endogenous lactose-binding lectin in human colorectal 
carcinoma progressed to metastatic stages. Cancer Res. 51, 387- 
393. 

Jass J.R., Allison L.J., Stewart S.M. and Lane M.R. (1 993). Ulex 



Lectins and neoglycoproteins in normal and diseased intestine 

europaeus agglutinin-l binding in hereditary bowel cancer. 

Pathology 25. 11 4-1 19. 
Jepson M.A., Mason C.M., Simmons N.L. and Hirst B.H. (1995). 

Enteroyctes in the follicle-associated epithelia of rabbit small 
intestine display distinctive lectin-binding properties. Histochemistry 
103, 131-134. 

Kayser K., Bovin N.V., Korchagina E.Y., Zeilinger C., Zeng F.-Y. and 
Gabius H.-J. (1994). Correlation of expression of binding sites for 
synthetic blood group A-, B-, and H-trisaccharides and for 
sarcolectin with survival of patients wiht bronchial caricnoma. Eur. J. 
Cancer 30A, 653-657. 

Kayser K., Bubenzer J., Kayser G., Eichhorn S., Zernlyanukhina T.V., 
Bovin N.V., Andre S., Koopmann J. and Gabius H.-J. (1995). 
Expression of lectin-, interleukin-2, and histo-blood group-binding 
sites in prostate cancer and its correlation to integrated optical and 
syntactic structure analysis. Anal. Quant. Cylol. Histol. 17, 135-1 42. 

Kraehenbuhl J.-P. and Neutra M.R. (1992). Molecular and cellular basis 
of immune protection of mucosal surfaces. Physiol. Rev. 72, 853- 
879. 

Lee R.T., Gabius H.J. and Lee Y.C. (1994). The sugar-combining area 
of galactose-specific toxic lectin of mistletoe extends beyond the 
terminal sugar residue: comparison with a homologous toxic lectin, 
ricin. Carbohydr. Res. 254. 269-276. 

Lee Y.C. and Lee R.T. (eds). (1994). Neoglycoconjugates. Preparation 
and applications. Academic Press. Orlando. 

Lee Y.S. (1988). Lectin expression in neoplastic and non-neoplastic 
lesions of the rectum. Pathology 20, 157-165. 

MacDonald T.T. and Spencer J. (1990). Gut immunology. Bailliere's 
Clin. Gastroenterol. 4, 291 -31 3. 

McGarrity T.J., Pfeiffer L.P. and Abt A.B. (1989). Lectin histochemistry 
of adenomatous polyps. Not a predictor of metachronous lesions. 
Cancer 64, 1708-1713. 

Ofek I. and Sharon N. (1988). Lectinophagocytosis: a molecular 
mechanism of recognition between cell surface sugars and lectins in 
the phagocytosis of bacteria. Infect. Immunol. 56, 539-547. 

Ohannesian D.W.. Lotan D., Thomas P., Jessup J.M., Fukuda M,, 
Gabius H.-J. and Lotan R. (1995). Carcinoembryonic antigen and 
other glycoconjugates act as ligands for galectin-3 in human colon 
carcinoma cells. Cancer Res. 55, 21 91 -21 99. 

Orntoft T.F., Langkilde N.C., Wiener H. and Ottosen P.D. (1991). 
Cellular localization of PNA binding in colorectal adenomas: 
comparison with differentiation, nuclear: cell height ratio and effect 
of desialylation. APMlS 99. 275-281. 

Ota H., Nakayama J., Katsuyama T. and Kanai M. (1988). Histo- 
chemical comparison of specificity of three bowel carcinoma-reactive 
lectins, Griffonia simplicifolia agglutinin, peanut agglutinin and Ulex 
europaeus agglutinin-l. Acta Pathol. Jpn. 38, 1547-1 549. 

Radzun H.J., Parwaresch M.R., Feller A.C. and Hansmann M.L. (1984). 
Monocytelmacrophage-specific monoclonal antibody Ki-M1 
recognizes interdigitating reticulum cells. Am. J. Pathol. 11 7, 441- 
450. 

Rhodes J.M., Black R.R. and Savage A. (1986). Glycoprotein 
abnormalities in colonic carcinomata, adenomata, and hyperplastic 
polyps shown by lectin peroxidase histochemistry. J. Clin. Pathol. 
39, 1331-1334. 

Von Rosen L., Podjaski B., Bettman I. and Otto H.F. (1981). 
Observations on the ultrastructure and function of the so-called 
nmicrofoldu or ~ ~ m e m b r a n o u s ~  cells (M cells) by means of 
peroxidase as a tracer. An experimental study with special attention 
to the physiological parameters of resorption. Virchows Arch. (A) 
390, 289-31 2. 

Sata T., Roth J., Zuber C., Stamm B., Rinderle S.J., Goldstein I.J. and 
Heitz P.U. (1992). Studies on the Thomsen-Friedenreich antigen in 
human colon with the lectin Amaranthin. Normal and neoplastic 
epithelium express only cryptic T antigen. Lab. Invest. 66, 175- 
186. 

Schneller M,, Andre S.. Cihak J., Galtner H., Merkle H., Rademaker 
G.J., Haverkamp J., Thomas-Oates J., Lijsch U. and Gabius H.-J. 
(1995). Differential binding of two chicken D-galactoside-binding 
lectins to homologous lymphocyte subpopulations and evidence for 
inhibitory activity of the dimeric lectin on stimulated T cells. Cell 
Immunol. 166,35-43. 

Schoeppner H.L., Raz A., Ho S.B. and Bresalier R.S. (1995). 
Expression of an endogenous galactose-binding lectin correlates 
with neoplastic progression in the colon. Cancer 75, 2818-2826. 

Sminia T. and van der Ende M.B. (1988). Localization, isolation and 
histochemical characterization of macrophages in the gut and 
mesenteric lymph nodes of the rat. Adv. Exp. Med. Biol. 237, 621- 
626. 

Sminia T, and van der Ende M.B. (1991). Macrophage subsets in the rat 
gut: an irnmunohistochemical and enzyme-histochemical study. Acta 
Histochem. 90, 43-50. 

Solis D., Romero A., Kaltner H., Gabius H.-J, and Diaz-MauriAo T. 
(1996). Different architecture of the combining site of the two 
chicken galectins revealed by chemical mapping studies with 
synthetic ligand derivatives. J. Biol. Chem. 271, 12744-1 2748. 

Spencer J., Finn T. and lsaacson P.G. (1985). Gut-associated lymphoid 
tissue: a morphological and immunocytochemical study of the 
human appendix. Gut 26, 672-679. 

Zanetta J.-P,, Badache S.. Maschke S., Marschal P. and Kuchler S. 
(1994). Carbohydrates and soluble lectins in the regulation of cell 
adhesion and proliferation. Histol. Histopathol. 9, 385-412. 

Accepted May 6, 1996 


